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Vol. XVHI ] 1933 [ Part I 

ENTOMOLOGICAL INVESTIGATIONS ON THE 
SPIKE DISEASE OF SANDAL (4). 

CERCOPIDAE (HOMOPT.). 

By 

Dk. V. LALLEMAND, 

Ucde, Belgium. 

f Cercopidae are not common on sandal. Ecological observations 
suggest that they have no bearing on the problem of spike-disease, and 
they arc therefore not tested in transmission experiments. Among 
the Hemiptera, the family is unique in being better represented at 
Fraserpet than at localities in North Salem. No. 6, Peuceptydus 
tiigillifer Walker is the dominant species ; attempts wen; made to rear 
it in 1980 and 1931 without success. Nos. 3 and 4, Plydm affinis 
and P. praefradus, /ere tried in 1931 by Mr. Chatterjeo in North 
Salem and it was ascertained that they do not thrive on sandal. 

The localities mentioned in this paper are:— 

COORG : North Coorg Forest Division, within five miles of Fraserpot, 
elevation about 2,770 feet, Sample Plots, Nos. 1 to 7. 

MADRAS : North Salem Forest Division; within four miles of Aiyur, 
elevation about 2,850 feet, Sample Plots, Nos. 15 to 21; Denkanikota, 
elevation about 2,900 feet; Jawalagiri, elevation about 3,050 feet, 
Sample Plots, Nos. 8 io 14. 

For further details of the collecting stations of the Forest Research 
Institute Survey of the insect fauna of sandal, Sunlalum album Linn., 
see Ind. For. ltec., Vol. XVII, Part IX. C. F. C. B.]. 

Not®. —Translated and rearranged, with the author’s permission, by C. Dover. 
Additions by C. F. (J. Beeson. 
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Indian forest Records. 


(Vot. XVIlt 


Aphrophorinae. 

Ptydini. 

1. Poophilus costalis Walk. 

Aiyur: VII. 30 (2 exs.); plot 15-11-31 (1 ex.); plot 19-1-31 (2 exs.). 
Jawalagiri: plot 8, XII. 30 (2 exs.); plot 10, XI. 30 (1 ex.); plot 11, 
I. 31 (2 exs.). 

2. Ptyelus nebulosus Fabr. 

Aiyur: VI-VII, 30 (2 exs.); plot 15, I. 31 (1 ex.), IV. 31 (1 ex.); 
plot 18, I. 31 (1 ex.); plot 19, I-III. 31 (5 exs.); plot 21,1. 31 (1 ex.). 
Jawalagiri: plot 10, II. 31 (1 ex.). Fraserpet: plot 6, IX. 30 (1 ex); 
VII. 30 (1 ex.). 

3. Ptyelus afflnis Dist. 

Aiyur : II. 30 (1 ex.); plot 20, II. 31 (1 ex.). Jawalagiri: plot 12, 
III. 31 (1 ex.). Fraserpet: II. 30 (2 exs.); plot 1, X. 30 (1 cx.), I. 31 
(1 ex.), V. 31 (1 ex.); plot 3, IX-X. 30 (2 exs.), XII. 30 (1 ex.); plot 5, X. 
30 (1 ex.); plot 6, II. 31 (1 ex.); plot 7, VIII. 30 (1 ex.), II. 31 (1 ex.). 

This species and \ hirsutus Kirby are probably only varieties of 
P. nebulosus, all three having the following characteristics: a small 
brilliant black patch at the end of the hemelvtra; a second patch of 
the same colour, surrounded by a pale semi-circle, situated posteriorly 
on the inner margin of the clavus; two small black spots on tin* head 
anteriorly. The external genitalia are also similar. 

4. Ptyelus praefractus Dist. 

Fraserpet: VI. 30 (2 exs.); plot 7, VIII. 30 (1 ex.). Jawalagiri: 
plot 11, III. 31 (1 :X.). 

5. Beesoniella sylvestris Lall., gen. et sp. nov. 

Fraserpet: VIII. 30 (1 ex.), XII. 30 (2 exs.); plot 1, XII. 30 (1 ex.), 
I. 31 (1 ex.); plot 2,1. 31 (1 ex;.), II. 31 (1 ex.); plot 5, T. 31 (l ex.); 
plot 6,1. 31 (1 ex.), II. 31 (2 exs.); plot 7, XU. 30 (1 ex.). 

Beesoniella gen. nov. 

1’ronotum very long, almost as long as broad, very convex anteriorly, 
concave posteriorly, the surface, punctuated in more or leas transverse 
lines, the punctuation more dense posteriorly than anteriorly. Scutel- 
lum elongate, ending in a tapering point. The head presents a rounded 
line from pronotum to clypeus when seen from the side, seen from above 
it appears as straight band. Eyes (the anterior margins of which con¬ 
tinue the general line) not prominent. Ocelli situated a little nearer the 
eyes than to each other and to the front of the anterior margin of the 
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pronotum near the jugal plates, which are nearly as long as the eye* and 
slant almost perpendicularly. Clypeus almost smooth, lightly striated 
on the sides, slightly marked. Antennae situated between the extre¬ 
mities of the eyes and the lateral angles of the clypeus, basal joints short. 
Labrum a little wider than long ; rostrum extending to the end of the 
me dian legs. Posterior tibiae with two spines, a small one near the base 
and a very long one a little above the middle. Hemelytra densely punc¬ 
tuated, slightly transparent; clavus with two nervures further apart 
from one another at their extremities at the internal margin than at the 
base; on the corium the radius bifurcates from the middle to the end ; 
the median and cubitus are joined on the anterior third; towards the 
apex a transverse nervure connects the four longitudinal branches, 
forming four to five apical cells (according to whether it reaches the ex¬ 
ternal edge or not). 

I dedicate this genus to Dr. C. F. C. Beeson, through whom I received 
the sandal Cercopidae for study. 

Beesoniella sylvestris Bp. nov. 

Ventral surface of body, head and anterior part of pronotum light 
brownish yellow ; posterior part of pronotum, scutellum and hemelytra 
clear brown. The following markings are black : on the pronotum large 
widely separated spots situated principally on the anterior part, fine 
spots becoming more dense posteriorly, and an elongate median patch 
behind the anterior margin ; a large spot on the clypeus a little below 
the ocelli, where the curve is greatest; the ocelli and the small spots 
on the margins of the jugal plates, the rostrum, the longitudinal lines 
on the femora and on the anterior and middle tibiae, the extremities 
of the spines and the posterior tibiae. A. brownish black marking, on 
each side of the rostrum, is found on the mesosternum. 

Length: 6 mm. 

Habitat: Coono : Fraserpet. 

Type: From Fraserpet, plot 6, 4. II. 31. 

Aphrophorini. 

6. Peuceptyelus sigillifer Walk. 

Aiyur: II-IX. 30 (several exs.); plot 15, V. 31 (1 ex.); plot 16, 
XII. 30 (1 ex.), I. 31 (1 ex.); plot 17, VIII. 30 (1 ex.), XII. 30 (2 exs.), 
VI. 31 (1 ex.); plot 18, IX. 30 (1 ex.); plot 20, IX. 30 (1 ex.), XI-XII. 30 
(5 exs.), III. 31 (1 ex.); plot 21, II-III. 31 (3 exs.). Jawalagiri: IV-VII. 
30 (several exs.); plot 6, VI-VII, 30; plot 8, X. 30 (1 ex.); plot 9, VIII-IX. 
30,1,31; plot 11, III. 31 (2 exs.); plot 12, IV, 31 (1 ex.). Denkanikota: 
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[Vet. XVIII. 


V- VI. 30 (3 exs.). Fraaerpet: II-III. 30 (several exs.), V. 30 (3 exs.), 

VI- VII. 30 (several exs.), VTII. 30 (1 ex.), X. 30 (1 ex.); plot 1, VIII-XII. 
30 (several exs.), I-III. 31 (18 exs.), VI. 31 (3 exs.); plot 2, VIII. 30 
(1 ex.), XI. 30 (1 ex.), I. 31 (3 exs.); plot 3, VIII-IX. 30 (6 exs.), X. 30 
(1 ex.), I-V. 31 (8 exs.); plot 4, VIII. 30 (4 exs.), IX. 30 (1 ex.), XII. 30 
(4 exs.), I-II. 31 (7 exs.), IV. 31 (2 exs.); plot 5, VIII-IX. 30 (4 exs.), 
XII. 30 (1 ex.), I. 31 (1 ex.), IV. 31 (1 ex.), V. 31 (1 ex.); plot 6, VIII-DC. 
30 (9 exs.), XI-XII. 30 (4 exs.), I. 31 (1 cx.), V. 31 (1 ex.): plot 6, VIII-IX. 
30 (9 exs.), X-XII. 30 (4 exs.), I. 31 (1 ex.), V. 31 (4 exs.). This species 
is most abundant at Fraserpet, particularly in plot 1, and least common at 
Jawalagiri. 

In the collection sent to me there are several examples with a harden¬ 
ed oblique line on each hemelytron, which passes almost to the middle of 
the external edge and then towards the end of the scutellum, crossing 
the radius before its bifurcation and passing to the point of separation 
of median and cubitus. This species is as variable in its dorsal markings 
as Philaenus spumarius, and certain varieties recall those of the latter. 
All the examples are not attributable to a well-determined variety and 
there are numerous intermediate forms. The colouration varies from 
yellow-ochre to brown and brown spots may be present or not. The 
pronotum may show several markings: (a) the anterior half may be 
yellow-ochre and the posterior half brown-black or black ; (b) it may 
be entirely black except for a straight transverse yellow line; (c) it 
may be black except for four yellow marks, of which the median two are 
more or less lunate in form and the other two are near each lateral margin. 
The design of the hemelytra is equally varied and, in addition to those 
described by Walker, there are the following varieties : (a) on a ground¬ 
colour of brown there is an oblique greyish-white band, the posterior 
end of which is formed by a hard line ; ( b ) on a ground-colour of clear 
ochre-brown there is a blackish brown longitudinal band, which runs 
from the base of the coriiim to the apex and is thickened at the back 
of the hard line; a second band is found on the clavus, passing along the 
inner border and extending to the pronotum and scutellum. 

Aphrophora trifasciata Distant is undoubtedly a variety of P. sigillifer. 
In this form the median line of the pronotum may be absent and on the 
hemelytra the black colouration is more or less strongly prolonged. 

Cercopinae. 

Eoscartini. 

7. Eoscarta sp. 

A singleton, probably new, from Fraserpet, plot 1, 22. VIII. 30. 

MOIPO—M—III-2-1H—12-6-33—500. 
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ENTOMOLOGICAL INVESTIGATIONS ON THE SPIKE 
DISEASE OF SANDAL (5). 

BRENTHIDAE AND LYCIDAE (COL.). 

BY 

R. KLEINE, 

Stettin, Germany. 

The Brenthid fauna of sandal is represented only by stray specimens 
of five species, one of which is of interest in that it belongs to a myrme- 
cophilous genus. The Lycidae, which are chiefly flower feeders in the 
imaginnl state, are represented by seven species, Lycostomus praeustus 
being the most abundant. Further information on the species recorded 
below will be found in my contributions to the Catalogue of Indian Insects 
series (pt. 11—Brenthidae, 1926 ; pt. 21, Lycidae, 1931). 

[The localities mentioned in this paper are 

COORG: North Coorg Forest Division, within five miles of 
Fraserpet, elevation about 2,770 feet, Sample Plots, Nos. 1 to 7. 

MADRAS: North Salem Forest Division; within four miles of 
Aiyur, elevation about 2,850 feet, Sample Plots, Nos. 15 to 21; Denkani- 
kota, elevation about 2,900 feet; Jawalagiri, elevation about 3,050 feet, 
Sample Plots, Nos. 8 to 14 ; Noganur, elevation about 2,900 feet. 

For further details of the collecting stations of the Forest Research 
Institute Survey of the insect fauna of saudal (Santalum album Linn. ) 
see Ind. For. Rec., Yol. XVII, part IX. 

Two species of lycid beetles, Lycostomus madurcnsis and L. praeustus , 
that frequent the flowers of sandal have been included in the list of 
insects under suspicion as possible vectors of the spike disease, and 
experiments with the latter species are being conducted by Mr. 0. 
Dover at Bangalore. C, F. C. B.] 

Nova.—Rearranged, from a translation by 0. P. 0. Beeson, by 0. Dover, with the 
author’s permission. 
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1. Cyphagogus westwoodi Parry. 

Fraserpet: 26-11-30 (1 ex. N. C. C .); plot 1,19-XII-30 (1 ex.). 

A very widely distributed species recorded by Beeson from the gal¬ 
leries of Crossotarsus squamubtus and in numerous species of trees 

attacked by Platypodidae. All the species of Cyphagogus are predators. 

+ 

2. Cerobates sexsulcatus Motsoh. 

Fraserpet: 19-Y-30 (1 ex.). 

Apparently an exceedingly polyphagous borer of wide distribution. 
AUnzzia htcida, Butea frondosa and Dysoxylum binectorifenm are known 
as host-plants. 


3. Araiorrhinus beesoni Kleine. 

Aiyur: plot 20, 7-XI-30 (1 ex.). 

Previously recorded from Katha Division, Burma (under bark of 
teak). 


4. Symmorphocerus cardoni Senna. 

Jawalagiri: 31-V-30 (1 ex.). 

This species appears to be fairly widely distributer! in India. The 
genus is mynnecophilous. 

5. Eupsalis truncata Boh. 

Jawalagiri: plot 9-23-IX. 30 (1 ex.). 

Occurs, not infrequently, in Ceylon, the Indian Peninsula and Bengal. 
Artocarpus integrifolia is the only recorded host-plant. 

Lycidae. 

1. Lycostomus madurensis Pic. 

Fraserpet: VI-VII. 30 (4 exs.).—Jawalagiri: VI-YII. 30 (19 exs.); 
plot 8, VII. 30 (2 exs.); plot 9, V. 30 (6 exs.); plot 11, V. 31 (2 exs.); 
plot 14, V. 31 (3 exs.). Aiyur : V-VII. 30 (fairly common); plot 15, V. 
31 (3 exs.); plot 16, V. 31 (3 exs.); plot 19, V-VI. 31 (fairly common); 
plot 20, V. 31 (3 exs.), VI. 31 (4 exs.) ; plot 21, V. 31 (2 exs.). Noganur : 
V-VI. 30 (2 exs.). 

The foregoing are the only definite localities in India from which this 
species is known. L. madurensis and L. praeustus are the two species of 
Lycidae recorded by Hart and Rangaswamy (Ini. Forester, LII, 1926) as 
feeding on the nectar and pollen of sandal flowers. 
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2. Lycostomus praeustus Fab?. 

Fraserpet: VI-VII. 30 (5 exs.).—Jawalagiri: V. 30 (6 exs.), VI-VII 
(very abundant); plot 8, VIII. 30 (13 exs.), VII. 31 (19 exs.); plot 9, 
VIII. 30 (14 exs.), V. 31 (7 exs.), VI. 31 (9 exs.), VII-VIII. 31 (very 
abundant); plot 11, VIII. 30 (1 ex.), V. 31 (3 exs.); plot 12, VII. 31 
(23 exs.)plot 13, VII. 31 (2 exs.); plot 14, V. 31 (20 exs.). Aiyur : 
V-VII. 80 (common); plot 16, VIII. 30 (3 exs.), V. 31 (2 exs.); plot 19, 
VIII. 30 (9 exs.), V. 31 (13 exs.), VI. 31 (27 exs.); plot 20, V-VI. 31 
(5 exs.); V-VI. 30 (2 exs.). Noganur: V. 30 (21 exs.). Denkanikota : 
VI. 30 (7 exs.). 

Tliis widely distributed species is the commonest Lycid on sandal in 
North Salem, occurring between May and August. In the plots it 
appears to be most common in 9 and 19, in both of which Lantana and 
Acacia leucopHoea are the dominants. Experiments are in progress to 
determine if “ spike-fed ” individuals of this species can transmit the 
disease to sandal via the flowers. 


3. Lycostomus lateritius Gorham. 
Jawalagiri: plot 8, VII. 30 (1 ex.). 

This species is fairly widely distributed in British India. 


4. Lycostomus similus Hope. 

Aiyur : V. 30 (1 ex.). Denkanikota, V. 30 (1 ex.). 

A common and widely distributed species found particularly in hilly 
regions. 


5. Xylobanus montanus Kleine. 

Aiyur: plot 21, XII. 30 (1 ex.). 

Previously recorded only from Tavoy and the Karen hills . 


6. Plateros imitator Kleine. 

Fraserpet: VII. 30 (9 exs.), VIII. 30 (1 ex.); plot 3, IX, 30 (3 exs.); 
plot 6, VIII-IX. 30 (2 exs.), VII. 31 (1 ex.).—JTawalagiri: VI. 30 (2 exs.); 
plot 8, VII. 30 (2 exs.), X. 30 (1 ex.); plot 9, V. 31 (2 exs.), VII. 31 (2 
exs.); plot 10, VII-VIII. 30 (2 exs.); plot 11, V-VII1. 31 (5 exs.); plot 
12, VII-VIII. 31 (3 exs.). Aiyur: VI-VII. 30 (5 exs.); VI. 31 (3 exs.), 
VIII. 31 (1 ex.). 

Previously known from Malabar, the United Provinces (Haldwani 
Division) and Bengal 
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7. Calochromua andrewesi Kleine. 

Jawalagiri: plot 9, V. 31 (2 exs.). Aiyur: V. 30 (common), VI. 30 
(3 exs.); plot 17, VI. 31 (5 exs.); plot 19, IV. 31 (21 exs.), V. 31 (39 exs.), 
VI. 31 (14 oxa.); plot 20, V. 31 (17 exs.), VIII. 31 (1 ex.); plot 21, VII- 
VIII. 31 (2 exs.). 

Only known from South India (the Nilgiris and the above localities). 
The species appears to be fairly common between April and August but 
occurs spasmodically. The variation is so considerable that one might 
conclude that several species were represented. The elytra may be 
uniformly coloured, but the posterior margin may also be darkened to a 
more or less great extent. The scutelium of such individuals is then 
often blackish brown; the antennae are blackish brown, only the first 
segment being yellow; abdomen blackish brown; thorax yellow; 
femora usually yellow, occasionally with black anterior margins; 
tibiae and tarsi dark coloured. This variation is not common, and 
individuals with uniformly coloured elytra should be considered the 
typical form. In these specimens the scutelium is always yellowish as 
the whole upper surface of the body. The antennae may be coloured 
yellow up to the fourth segment. The colour of the legs is variable. 
Usually the femora are yellow, til iae and tarsi dark colouted. The 
anterior margins of the femora are also not infrequently darkened. The 
underside of the body may be quite yellow, but the abdomen is usually 
dark. All possible combinations occur, and quite uniformly yellow 
individuals are even found. The size of this small species varies by 
about 1-2 mm. The most certain character is the strong pubescence of 
the elytra and the form of the penis in the male. 


MG1P0—M—III-2-116—16-6-33—600. 
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ENTOMOLOGICAL INVESTIGATIONS ON THE SPIKE 
DISEASE OF SANDAL (6). 

ANTHRIBIDAE (COL.). 

BY 

Dr. KARL JORDAN, 

Tring, England. 

It was not to be expected that such a specialised entomological survey 
as that of a single species of forest tree would result in the amassing of a 
large number of species of Anthribidae, the family being, among beetles, 
a comparatively small one. The 112 specimens submitted for determina¬ 
tion belong to 17 species, 4 of which are new, a fifth being represented 
by a new subspecies. The distribution of the species is as follows: 5 
known from South India only, 3 from Ceylon and South India, 1 from 
Ceylon and South and Northern India, 2 from South and Northern India, 
1 from South and Northern India and Tonkin, 5 extending in to the 
Malaysian countries. 

For the seasonal distribution of the species compare the table at the 
end of this article. 

[ The localities mentioned in this paper are :— 

COORG : North Coorg Forest Division, within five miles of Fraserpet, 
elevation about 2,770 feet, Sample Plots, Nos. I to 7. 

MADRAS: North Salem Forest Division; within four miles of 
Aiyur, elevation about 2,850 feet, Sample Plots, Nos. 15 to 21; Denkani- 
kota, elevation about 2,900 feet; Jawalagiri, elevation about 3,050 feet, 
Sample Plots, Nos. 8 to 14. 

For further details of the collecting stations of the Forest Research 
Institute Survey of the insect fauna of sandal, SantaUm album Linn., 
see Ind. For. Rec., Vol. XVII, Part IX.-C. F. 0. B.] 
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1. Tropideres securus Boh. 

Tropideres securus Boheman in Bchoeah., Gen. Cure. V. p. 207 No. 3 
(1889) (Calcutta). 

Litocerus rufescens Roelofs, C. R. Soc. Ent. Belg. XXII. p. LV No. 20 
(1879) (Japan). 

Litocerus anna Jordan, Nov. Zool. X, p. 424 No. 26 (1903) (Kina Balu, 
Borneo). 

Fraserpet: 9-III-30, one specimen—Also known to me from 
Coimbatore, Madras, Darjiling and Assam; its area of distribution 
extends to Japan, Borneo and Java, possibly farther east. The original 
description by Boheman is not very precise, but the examination of the 
type of T. securus leaves no doubt that the above synonymy is correct. 
Evidently fairly common in many districts. 

2. Gibber cailistus Jord. 

Gibber cailistus Jordan, Nov. Zool. XXXI. p. 238 No. 18 (1924) 
(Assam: Lalchimpur). 

Fraserpet: 18-III-30 and 14-1-31, a pair—known from Madras 
and Assam. Upper side grey-green, at base of pygidium a well-defined 
black spot. 


3. Zygaenodes homi Jord. 

Zygaenodes homi Jordan, D. Ent. Zeitschr. p. 7(i No. 2 (1902) (Ceylon). 

Fraserpet: 28-III. and 2-IV-30; 9-VIII-30 and 1. 31 on plot 
2; 21. and 22-IX-30 on plot 3 ; 29-XII-30 on plot 5; 18-1-31 and 
15-11-31 on plot 3.— Aiyur: l-V-30; 25-XI-30 on plot 17. 
Jawalagiri: 12-VI-30 on Zizyphus ; 18-11-30 on plot 10. Denkani- 
kota: 18-VI-30. An interesting series of a species known only from a 
single female collected in Ceylon by Dr. Walther Horn. Most of the 
specimens have a greenish grey tint on the upperside and no sharply 
defined markings, which may partly be due to the pubescence having 
somewhat suffered in the killing bottle. The length varies from 2-2 to 
3*3 mm. (head excluded). The species belongs to that section of the 
genus in which the eye is sinuate laterally above the antennal groove. 
The larvae of some species of Zygaenodes are known to live in seeds. 

4. Zygaenodes antiallus Jord. 

Zygaenodes antiallus Jordan, Nov. Zool. XVIII. p. 602 No. 6 (1912) 
(Assam: Khasia Hills). 

Fraserpet: 10-III. and 19-VI-30 ; 6-IX-30 on plot 2 ; 21-IX-30 
on plot 3 ; 11-11-31 on plot 6.—Aiyur : ll-XI-30 on plot 17 ; 4-1-31 
on plot 17. Jawalagiri: 26-IX-30 on plot 12 ; 5-X. and 28-IX-30 on 
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plot 14.—Only a few specimens were hitherto known from Assam and 
Tonkin. The eye is pointed above the antennal groove, not sinuate, 
the sinus being feebly indicated on the side adjoining the upper surface 
of the proboscis. Occiput with a double hump between the eyes. The 
present specimens vary in length from 3*0 to 4*3 mm. 

5. Uncifer basalis Jord. 

Uncifer Irnalu Jordan, Ann. Mag. N. H. (9). XVI. p. 259 No. 3 (1925) 
(Sumatra). 

Fraserpet: 20-VI-30, one specimen—Described from one female 
obtained in East Sumatra by Mr. J. B. Corporaal; not yet known from 
other districts. 


6. Uncifer pissodes spec. nov. 

cJ. Similar to IL exiUis Jord. Nov. Zoo). XXXII. p. 252 No. 23 (1925) 
(Perak), antenna shorter, eye not elevate behind, evenly convex. Pitchy 
black, antenna and legs slightly rufescent. Frons as broad as segment 
11 of antenna is long. Eye broader in an antero-posterior direction than 
in I/, exillis. Antenna little longer than the rostrum is broad, segment 
II as broad as tbe club, III shorter than II, 111 to VII decreasing in 
length, VIII broader than VII, about as broad as long, IX broader than 
long, broader than VIII, but narrower than X, this broader than long, 
XI ovate, truncate at base, acuminate at apex, IX to XI rather closely 
appressed to each other. Dorsal carina of pronotum basal in middle, 
slightly antebasa! at sides. Elytra coarsely punctate-striate. Pygidium 
longer than broad, narrowing apicad, inclining forward, ventral segment 
V being very short in middle, basal margin of pygidium slanting from 
middle to sides, apex evenly rounded. 

Pubescence grey, sparse on upperside, somewhat denser on proboscis, 
on sides of pronotum and oil and behind sciitellum. 

Cooro : Fraserpet, 15-11-30, one male. 

7. Atinella senex grisea subsp. nov. 

cj A little narrower than A. senex senex Jord. Nov. Zool. XXXIII. 
p. 252 No. 22 (1925) (Ceylon); dorsal carina of pronotum raedianly less 
incurved and laterally a little more convex ; tarsi blackish brown except 
larger proximal portion of segment 1; middle of femora brown. Pube¬ 
scence grey, not very dense on upperside, densest in front of scutellum ; 
pronotum sometimes with a grey median line ; lateral median area of 
elytra more sparsely grey, sometimes this area rather better defined, 
narrowing dorsally and ending at some distance from the suture with an 
oblong brown spot. Pygidium in $ longer than broad, in $ broader 
than long (<J not known of A . senex senex). 
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Length (head excl.) 2-0 to 3-1 mm. 

Coobo : Fraserpet, 20 and 25-III-30, 3, 5 and 6. III-30, 5 and 6. 
IV-30—on spiked sandal, 5 and 14. VI-30; 23-VI-30 on plot 5, 30-IX- 
30 on plot 5, 22-XI-30 on plot 2.— North Salem ; Denkanrkota: 
2-VI-30 on spiked sandal. Noganur : l-IV-30, 17-V-30. Jawalagiri: 
15-V-30 on spiked sandal. 

8. Physopterus analis Jord. 

Physopterus amlis Jordan, Nov. Zool. XIII. p. 408 No. 2 (1906) 
(Anamalai Hills, May). 

Fraserpet: 23-XII-30 on plot 6 ; 9-1-31 on plot 1; 4-II-31 on plot 
6.—Denkanikota: I-VI-30.—The bears on the underside of the hind 
femur a subapical pointed tooth, which is somewhat curved. Only a 
few specimens are known, all from South India. 

9. Exillis asper Jord. 

Exittis asper Jordan, Ann. Mag. N. H. (9). XVI. p. 264 No. 11 (1925) 
(Sumatra). 

Fraserpet: 16-VIII-30 on plot 2; 9-XI-30 on plot 3; 13-XII-30 
on plot 2 : 4-1-30 on plot 3.—Jawalagiri: 3-VIII-30 on plot 14 ; 13- 
X-30 on plot 8.—Previously known from North India and Sumatra. 
In colour closely agreeing with E. horni Jord., D. Ent. Zeitschr. p. 77 
No. 5 (1902), from Ceylon but the lateral carma of the pronotum longer. 

10. Basitropis hamata Jord. 

Basitropis hamata Jordan, Nov. Zool. X. p. 132 (1903). 

Jawalagiri: 6-V-30, one specimen—Widely distributed in India 
and Indo-China. 


11. Phloeobius altemans Wiedem. 

Anthribus alternms Wiedemann, Zool. Mag. I. 3. p. 172 No. 22 (1819) 
(Bengal). 

Anthribus apicalis Walker, Ann. Mag. N. H. (3). III. p. 262 (1859) 
•(Ceylon). 

Fraserpet: 17-VI-30, one fy .—A common species, the range of which 
extends to Borneo, Celebes and Java. 

12. Phloeobius albescens Jord. 

Phloeobius albescens Jordan, Ent. Zeit. Stettin LVI. p. 198 No. 91 
(1895) (locality not mentioned in original description; the 2 specimens 
were obtained by Pruhstorfer on Mt. Sukabumi, W. Java). 
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pAitf III.] EUbl Jordan : Spike Disease of Sandal, 

Fraserpet; 3. and 14-VI-30; 17-1-31 on plot 2—la one collection 
from Calcutta, Indo-China, Hainan, Sumatra and Java* 

13. Phloeobiua brevitersis spec. nov. 

g <J>. Near Phloeobius laetus Jordan, Opuse. Inst. Scient. Indo-chine, 
Fatrne Entom* I. p. 103 No, 74 (1923) (Cochinchina), and Pfd . vidnus 
Jord*, Lc. No* 75 (Tonkin), but angle of pronotum more acute and tarsal 
segment I shorter. Upperside clay-colour variegated with grey-white 
and blackish brown. Head and rostrum shaded with grey-white in 
middle and at sides, this colour concentrated on occiput into three 
diffuse spots. Apical margin of rostrum rather sharp, elevate in middle, 
not slanting as in Phi, laetus and Phi . vicinus. Edge of antennal groove 
sharp near eye, the space between it and the eye narrower than in the 
species mentioned. The eye less transverse and its sinus smaller and 
less obtuse. Antenna of <J a little longer and that of 9 shorter than the 
elytra are broad, rufous, with black club, segment III as long as IV, 
anterior apical angle of IX and X acute, more produced than posterior 
angle, IX about a third longer than broad in less than a third in 9, X 
slightly broader than long, a little broader than IX and X, XI ovate, 
about as long and broad as IX. 

On pronotum a grey-white dot before middle on each side of disc, a 
blackish brown spot laterally at apex and another at carina nearer to 
angle than to middle ; sides rounded-angustate from carina forward, 
the apex very little broader than the neck, posteriorly the sides more 
strongly incurved than in the allied species, therefore the basal angle 
smaller and more projecting ; surface more finely granulate than in 
Phi. laetus. Elytra as in the allied species without tufts, suture and alter¬ 
nate interspaces grey-white spotted with black-brown, apical area more or 
less distinctly grey-white, not impressed, at apex of suture a black-brown 
spot. Pygidium much larger and much less rounded in $ than in 9> m 
<2 about one-sixth broader at base than long, in 9 one-fourth ; middle of 
apical margin in 9 more or less impressed, sometimes emarginate. Under¬ 
side grev-white shaded in places with clay-colour. Legs rufous, tarsal 
segments II to IV more or less black ; pubescence of tibiae long, parti¬ 
cularly on underside, segment I of tarsi short in foretarsus of <J shorter 
than II, III, these dilated, especially in fore and midtarsus, but rather 
less so than in Phi. laetus and Phi . vidnus. —Length (head excl.) 4 to 
9 mm. 

Cogrg : Fraserpet: 28-11-30 on unspiked sandal; 26-IV-30; 
6. 12. and 17-V-30 ; 15. and 16-VI-30 ; VII-30 ; VIII, 14-1X-30, 
X, XII and 11-1-31 on plot 3 ; 4-VIII, IX and X. 30 on plot 4 ; 26-XI- 
30 on f lot 6 ; VIII, IX, X, XI and XII on plot 7 ,—North Sal km: : 
Aiyur* 4-1-31 on plot 15* X. 30 on plots 18 and 21; 4-XII-30 on 
plot 19. 


B 
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14. Phloeobras crasncollis spec. nov. 

cJ $. Not unlike the preceding new species, but the pronotum much 
broader at apex. Colouring evidently nearly the same (the three speci¬ 
mens are not well preserved), but the elytra less spotted with black and 
the tarsi, tip of tibiae and the greater part of the femora black-brown. 
Bye more convex, and more rounded, being almost circular apart from 
the sinus, which is small. Pronotum less narrowing from lateral oarina 
to apex, remaining much wider than the neck, though rounded off, the 
lateral carina at least one-fourth longer than the distance from the end 
of this carina to the angle of the apex; basal angle of carina a little less 
acute than in Phi. brevitarsis. Pygidium evenly rounded in both sexes, 
in one-third broader than long, in ? two-fifths. Prosternum shorter 
than in PM. breoitarsis, anterior margin of coxal groove somewhat 
raised and continued laterad as an obtuse ridge. Pubescence of legB 
apparently shorter than in Phi. brevitarsis, first segment of tarsi dis¬ 
tinctly longer than in that species. Length B mm., $ 8 mm. 

Coorg : Fraserpet, l-VI-30 (<J type) and 11-1-31, $.— North 
Salem : AiyuT, 31-IX-30 on plot 21. 


15. Phloeobius santalinus spec. nov. 

<$ $>. Resembles Phi. crassicoUis in the pronotum being wide at apex, 
but the eye is very much narrower, almost as narrow as in PM. gigas 
F. 1775. 

Cylindrical, above buff variegated with grey-white, beneath grey- 
white. Head and proboscis greyish in middle, irregularly rugulose, 
with indication of a median depression on rostrum. Frons at least 
one-third broader than the area in front of eye, in $ usually broader 
than in ;. Antenna rufous, club black, in variable in length, the 
end-segment being either long and pointed (type) or only as long as IX, 
with intergradations. Pronotum clay-colour, on each side of disc as 
usual an antemedian white dot, behind which there is a smaller one, 
about 5 diffuse confluent blackish patches on each side, the basal patch 
placed nearer to side than to middle better defined and oblong ; side of 
pronotum from lateral carina forward moderately slanting, the pronotum 
remaining much broader than the neck of the head, this portion of the 
side shorter than the lateral carina, as in Phi. crassicoUis ; basal angle 
90°, with the tip rounded off. Elytra pubescent iuteous, without tufts, 
suture and alternate interspaces diffusely spotted with grey-white, 
behind middle and on apical area some, more conspicuous, white dots, 
before apex of suture a black spot which is about twice as long as broad. 
Pygidium evenly rounded in both sexes, at least twice as broad as long. 
Legs rufous, the greater part of the femora, and tarsal segments II and 
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Part IB.] Karl Jordan : Spike Ditease oj Sandd. 

Ill andapex of IV black or black-brown, II and III very slightly diluted, 
together about one-third shorter than I.—Length (head excl) 4*2 to 
7*6 nan. 

Coosa: Fraserpet; IX-30 and 13-11-31 on plot I; 18-1-31 on 
plot 8 . — North Salem : Aiyur; 1-III-30; 2., 9., 24., and 26 IV-30; 
9-V-30; 10., 24. and 25-VI-30; 3-VIII-30 on plot 16; 13-V-31, on 
plot 18; 5-1-31 and 25-V-31 on plot 16; 10-VI-81 on plot 18. Type 
from Aiyur. 


16. Phloeobiua ceylonicus Jord. 

Phloeobius ceylonicus Jordan, D. Ent. Zeitsphr. p. 78 No. 6 (1902( 
(Ceylon). 

Fraserpet: 28-11-30; 2-V-30 and 17-VI-30, three $$.—We have 
a few specimens from Kanara, Madura and Juranda. 


17. Araecerus suturalis Boh. 

Araecerus suturalis Boheman, in Schoenherr, Gen. Cure. V. p. 273 
No. 3 (1839) (Calcutta). 

Araeosaras intangens Walker, Ann. Mag. N. H. (3). III. p. 262 (1859) 
(Ceylon). 

Fraserpet: 1. and 17-VII-30; l-X-30 on plot 6; 1., 2. and 31- 
XII-30, one each on plots 4, 5, 6.—Aiyur : 23-IV-30; 2-XI-30 on 
plot 15; 14-XI-30 on plot 20; 16-XI-30 on plot 15; 6-XII-30 on 
plot 17; 8-XII-30 on plot 16; 9-XII-30 on plot 17; 10-XII-30 on 
plot 18; 13-XH-30 on plot 21; 14-XII-30 on plot 15; 12-1-31 
on plot 16. Jawalagiri: 30-VI-30; 6-X-30 on plot 8 ; 27-X-30 on 
plot 14 ; 28-X-30 on plot 8 ; 9-XI-30 on plot 13 ; 21-XII-30 on plot 
13. 

In our collection from Ceylon, Travancore, Dehra Dun and Pusa. 
The majority of specimens have the alternate interspaces of the elytra 
strongly dotted; Walker’s intangens was based on an example of this 
colour-type according to the British Museum collection. Walker’s 
diagnosis is a joke : “ Nigro-oinereus, elytris cinereo substrigatis. Long, 
lj-lf lin.” In the rarer colour -form, described by Boheman as suturalis, 
the elytra bear a broad pale stripe from the shoulder to the apex, the 
future appearing darker and the dots being more or less suppressed. 
Intermediate specimens also occur. In the present series there are 9 
examples of the suturalis-ioim, all among the specimens from North 
Salem. Such dichromatism occurs also in some other species of Araecerus, 
for instance A . simtdatus Gylh. 1833. The $ of A. suturalis (both forms, 
of course) has a long pygidium. The larvae of Araecerus feed in seeds. 
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The locality richest in Anthribidae is Fraserpet, where 16 out of the 
17 species obtained daring the Sandal Survey were found, the four 
localities in North Salem yielding only 9 species. Although the collec¬ 
tion is small, owing to the restricted object of the survey, the careful 
labelling affords some evidence as to the seasonal distribution of Anthri* 
bidae in South India, as shown in the following table. 


Month 


i 

11 

ra 

IV 

V 

VI 

vn 

VIII 

IX 

X 

XI 

XII 

1. Tropideres Becurus . 


■ 

■ 

X 

■ 

, . 



,, 

,, 


,, 


2. Gibber calUstus 


■ 

H 

X 

■ 


., 


* * 

*. 




2. Zygae nodes horn! . 


X 

H 

X 

X 

X 

X 


X 

X 


X 

X 

4. ,, an&allus 

t>. Unclfer basalis 


X 

X 

X 



X 

X 



X 

X 

X 

,, 

6. ,, p las odes 



X 





•' 


.. 

h,, 



7. Atinella senex grl&ea 


«. 


X 

X 

X 

H 


.. 

X 


X 


8. Physopterus anaiis . 


X 

X 




B 






X 

9 ExUlia ftftper . 


X 


.* 

.. 

.. 

*. 


X 

.. 

X 

X 

X 

AO Basltropts hainata , 

. ; 


.. 

. 

.. 

X 

.. 

i 

.. j 

.. 





XX. Fhloeobius alternant 







X 

* • 






12. „ albescens 


X 

.. 




X 







13. ,, brevitarsia 


X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

V 

14. ,, crassicollis 


X 


.. 



X 



> 




15. ,, 'santalimiH 


X 

X 

X 

X 

y 

x 


X 

X 




16 ,, crylonlcus 



X 

- 



X I 

X 







17. Anteoerus suturalls . 


X 

! 


• • 

X 


X 

x 

•• 


X 

y 

X 



10 

7 

7 

5 

6 

12 

2 

4 

6 

4 

■ 

5 


The species were most numerous in January and June. Several of 
them may be expected to occur in all months ; whether others are restric¬ 
ted to certain seasons cannot as yet be ascertained, the data available 
not being extensive enough for the solution of such a problem. 
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ENTOMOLOGICAL INVESTIGATIONS ON THE SPIKE 
DISEASE OF SANDAL (7). 

THE GENUS EXOCENTRUS, CERAMBYCID/E (COL.). 

BY 

W. S. FISHER, 

Bureau of Entomology, United States Department of Agriculture. 

This paper gives the results of a study of several collections of beetles 
belonging to the genus Exocentrus Muleant, Cerambycidae, sub-family 
Lamiinae, received from the. Forest Research Institute, Dehra Dun, 
United Provinces, India, and collected in connection with the Institute’s 
Randal Insect Survey. 

[ The localities mentioned in this paper are 

COOItO : North Coorg Forest Division, within five miles of Fraserpet, 
elevation about 2,770 feet. 

MADRAS : North Salem Forest Division, within four miles of Aiyur, 
elevation about 2,800 feet; Jawalagiri, elevation about 3,050 feet. 

For frnther details of the collecting stations of the Forest Research 
Institute Survey of the insect fauna of sandal, Santalum album, Finn., 
see Ind. For. Roe., Vol. XVII, Part IX. 0. F. C. B.J 

1. Exocentrus flemingiae Fisher. 

Exocentrus fkmingiae. Fisher, Indian Forest Records, Ent. Ser., 1932 
Vol. XVI, pt. x, pp. 3, 4. 

One specimen of this species was collected on sandal at Aiyur, May 
27,1931. J ’ 


2. Exocentrus pubescens Fisher. 

Exocentrus pubescens Fisher, Indian Forest Records, Ent. Ser.. 1932 
Vol. XVI, pt. x, pp. 9, 10. 
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Specimens of this species were collected at Jawalagiri, May 11-21, 
June 16, and July 11,1930, and at Aiyur, September 23, 1930. 

3. Exocentrus vittatus Fisher. 

Exocentrus vittatus Fisher, Indian Forest Records, But. Ser., 1932, 
Vol. XVI, pt. x, pp. 12,13. 

The type of this species was collected at Jawalagiri, May 30, 1930, 
and the two paratypes were collected at Fraser pet, September 21 and 
October 6, 1930. 


4. Exocentrus trifasciatus Fisher. 

Exocentrus trifasciatus Fisher, Indian Forest Records, Ent. Ser., 
1932, Vol. XVI, pt. x, pp. 13,15. 

Specimens of this species were collected at Fraserpet; March 25, May 
12-15, September 14, October 11, and November 14, 1930, 

5. Exocentrus santali, new species. 

Male .—Above and beneath uniformly brownish-yellow, and each 
elytron ornamented with three distinct, transverse, zigzag, whitish 
pubescent fasciae. 

Head strongly transverse and nearly flat in front, subequal in width 
to pronotura at apex, flat between the antennal tubercles, which arc* 
feebly elevated and widely separated ; surface with a narrow, longitudinal 
groove extending from epistoma to occiput, rather coarsely but not very 
densely grandiose, rather densely clothed with long, recumbent, yellowish 
pubescence, with a few long, erect, brownish hairs intermixed ; mandi¬ 
bles brownish-yellow, blackish toward apices ; palpi dark brown, with the 
tips paler ; eyes large, deeply emarginate, and separated from each other 
on the top bv nearly twice, the width of the upper lobe. Antenna slightly 
longer than the body, uniformly brownish-yellow, sparsely clothed with 
short, recumbent, whitish and yellowish pubescence, with numerous 
long, erect hairs intermixed, rather densely ciliate beneath with long, 
erect, black hairs, and the joints feebly, narrowly annulated at bases 
with white pubescence ; first joint long, robust, cylindrical, slightly 
expanded at middle, and extending to basal third of pronotmm; third 
joint slightly shorter than first joint and subequal in length to the fourth. 

Pronotum one and one-half times as wide as long, slightly narrower 
at base than at apex, and widest near middle ; sides arcuately expanded 
from apical angles to a small, acute tooth on each side just behind the 
middle (tooth short, slender, and pointing obliquely backward), then 
strongly, obliquely narrowed to the base ; surface feebly convex, feebly, 
broadly, transversely depressed along base, coarsely but not very densely 
granulose, sparsely clothed with long, recumbent, whitish pubescence, 
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which is slightly denser at middle and on each side, and with a few long, 
erect, black hairs intermixed. Seutellum broadly rounded at apex, and 
rather densely clothed with long, recumbent, whitish pubescence. 

Elytra nearly four times as long as pronotum, and at base wider than 
pronotum at middle ; sides parallel from base to apical third, then arcua- 
tely narrowed to the tips, which are conjointly, broadly rounded; 
disk moderately convex ; surface rather densely, coarsely, irregularly 
punctate from bases to apices, sparsely clothed with short, recumbent, 
brownish pubescence, with numerous long, erect, stiff, black hairs inter¬ 
mixed, and each elytron ornamented with white pubescent markings as 
follows: a broad, transversely arcuate fascia extending from humerus 
to sutural margin at basal third, then narrowly along the margin to 
soutellum, a narrow, transversely zigzag fascia at middle, a narrow, 
transverse, irregular fascia near apex, the fascia narrowly connected 
along sutural and lateral margins to the median fascia, and enclosing a 
large, irregular, dark spot. 

Beneath feebly, finely, densely punctate, rattier densely clothed with 
long, recumbent, whitish pubescence, with numerous long, erect hairs 
on the legs ; last abdominal segment broadly subtruncate at apex. 

Female. — Differs from the male in having the last abdominal segment 
strongly convex, broadly, arcuatelv emarginate at apex, and broadly 
depressed behind the apical margin. 

Length, 5*2 mm.; width i-8 mm. 

Type locality, — Madras : North Salem, Jawalagiri. 

Other locality .* Maoras : Palghat, Sappal (J,700 feet elevation). 

Type ,—British Museum, Allotype .—United States National Museum, 
Washington. 

Described from a male and female (male type). The male was 
collected at the. type locality October 7, 1030, in connection with the 
Forest Research Institute Sandal Insect Survey, and the female was 
reared from dry sticks collected at Sappal, October 5, 1930, by J. 0. M. 
Gardner. The allotype is more reddish-brown than the type, and the 
white pubescent markings on the elytra are, slightly rubbed. 

This species resembles tlalhcryiae Fisher, but that species differs from 
sa w tali in having the head and pronotum more densely granulosc, the 
erect- hairs on dors *1 surface of body much longer and more conspicuous, 
the tooth on each side of the pronotum pointing almost directly back¬ 
ward, the eyes more narrowly separated from each other on the top, 
and the white pubescence forming more or less distinct designs on the 
pronotum. 


6. Exocentrus beesoni, new species. 

Mule . Above and beneath uniformly dark reddish-brown, and the 
elytra irregularly variegated with small, whitish pubescent spots, 



Head strongly transverse and nearly Sat in front, subequul in 
to pronotum at apex, feebly, broadly concave between the antehnal 
tubercles, which are slightly elevated and widely separated t «rfa©0 
with a narrow, longitudinal groove extending from epistoina to oedpu% 
rather coarsely but not very densely granulose, rather densely clbthed 
with long, recumbent, whitish and yellowish pubescence, with a lew 
long, erect, brownish hairs intermixed; mandibles reddidi-frmwn, with 
the tips black; palpi brownish-yellow, with the tips slightly pater} eyes 
large, deeply margiimtc, and separated from each other on the top by 
nearly twice the width of the upper lobe. Antenna considerably longer 
than the body (broken), uniformly dark reddish-brown, sparsely clothed 
with moderately long, recumbent, whitish pubescence, with a few long, 
erect hairs intermixed, rather densely ciliate beneath with long* erect* 
dark brown hairs, and the joints feebly, narrowly simulated at bases 
with white pubescence; first joiiit long, robust, cylindrical, slightly 
expanded at middle, and extending to basal third of pronotum ; third 
joint slightly shorter than first joint, and subequal in length to the 
fourth. 

Pronotum one and one-half times as wide as long, slightly narrower 
at base than at apex, and widest at middle ; sides arcuately expanded 
from apical angles to a small, acute tooth on each side at middle (tooth 
moderately long, rather slender, and pointing almost directly backward) 
then strongly, obliquely narrowed to the base ; surface feebly convex, 
feebly, broadly, transversely depressed along the base and anterior 
margin, rather coarsely but not very densely granulose, rather densely 
clothed with long, recumbent, whitish and hiownish pubescence, the 
uhite pubescence moie distinct on median part and toward the sides, 
and with a few long, erect, daik brown hams intermixed. Sen tell um 
broadly round* d at apex, and rather densely clothed with long, recum¬ 
bent, whitish pubescence. 

Elytra three and one-half times as long as pronotum, and at base 
distinctly wider than pronotum at middle; sides parallel from base to 
apical third, then arcuately narrowed to the tips, which are conjointly, 
broadly rounded ; disk moderately convex, and slightly uneven *, surface 
coarsely, irregularly punctate, more densely basally, sparsely clothed 
with rather short, recumbent, brownish and yellowish pubescence. With 
a few long, erect, stiff, black and brownish hairs intermixed, and insu¬ 
larly ornamented'with numerous small, white pubescent spots, 

Beneath feebly, finely, densely punctate, rather densely clothed with 
long, recumbent, whitish pubescence, with numerous long, erect hairs 
on the legs; last abdominal segment broadly rounded or subtruncate 
at apex. 

Vmwkr~~ Differs from the male in having the last abdominal segment 
strongly convex, and broadly, arcuately emarginate at apex. 



Zitngtibt mm, width, 2—2*2 mm. , 

j North Salem, Aiyur. 

Allotype .—United States National Museum, 

,nd female (male type), which were collected 
M the type locality, October 17 and November 6, 1930, in connection 
with the Forest Research Institute Sandal Insect Survey. In the alio* 
type the White pubescent markings on the elytra are more distinct titan 
in the type. 

This species is allied to cdboguttatw Fisher, but that species differs 
from beesoni in having the white pubescent m ar kin g s on the elytra more 
distinct, narrower, arranged in longitudinal rows, and each elytron orna¬ 
mented with an obliquely transverse, whitish pubescent fascia behind 
the middle. 
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ABSTRACT. 


tow w M d Investigations as the Spike Disease of Sendai (8) 

Carabidae (Col.). 

Thirty-six species of Carabidae were collected on the foliage of sandal, 
Santahm album, in Coorg and North Salem, Madras, South India, during 
the course of the survey of the insect fauna of that tree carried out by the 
Forest Research Institute. 

The following 15 new species are described: —Oxylobus exiguus, 
(North Salem); Tachys salemus (N. Salem); Brachinus sordidus (N. Salem 
and Dehra Dun); Holcoderus jissm (N. Salem and Ceylon), H. carimtua 
(Coorg), H. superbug (Coorg, Nflambur and Nilgiris); Dromius oapmdes 
(Coorg, N. Salem and Mysore); Risopkilus beesoni (Coorg), R. gardneri 
(Coorg), R. ochroides (Coorg and Dehra Dun); Pentagonica venmta 
(Coorg, Mysore, Mangalore, Belgaum, etc.), Lebia oceUata (N. Salem), 
L. lunigera (N. Salem, Nilgiris, Bengal and Ceylon), L. ephippiata (N. 
Salem), L. oampania (N. Salem, Nilgiris, Palnis, Bombay, Central Pro¬ 
vinces, Bengal). 
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ENTOMOLOGICAL INVESTIGATIONS ON THE 
SPKE DISEASE OF SANDAL (8). 

CARABIDAE (CoL) 


BY 

H. E. ANDREWBS, 

London. 

la the course of the survey of the insect fauna of sandal, Santalum 
album Linn,, by the Forest Research Institute, some thirty-six species 
of Carabidae have been collected upon the various sample plots in the 
sandal area, but it is doubtful whether any of them has a direct connex¬ 
ion with this species of tree, and plots in the same region, but in the 
vicinity of other trees, would probably have produced a similar crop. 
Nevertheless at least Dromius , Lebia, and RisophUus are known tree 
frequenters, and a considerable proportion of the specimens found belong 
to the various species of these three genera. The remainder, so far as 
my knowledge goes, appear to be ground beetles only, but all are pre¬ 
datory and no doubt useful in checking the spread of various pests. 

[ The localities mentioned in this paper are 
OOORG: North Coorg Forest Division, within five miles of Fraserpet, 
elevation about 2,770 feet, Sample Plots, Nos. 1 to 7. 

MADRAS; North Salem Forest Division; within four miles of Aiyur, 
elevation about 2,850 feet, Sample Plots, Nos. 15 to 21; Denkanikota, 
elevation about 2,900 feet; Devarbetta, elevation about 3,240 feet; 
Jawalagiri, elevation about 3,050 feet, Sample Plots, Nos. 8 to 14; Noga- 
nur, elevation about 2,900 feet; Uduparani, elevation about 3,090 feet. 

For further details of the collecting stations of the Forest Research 
Institute Survey of the sandal insect association, m Ind. For. Rees., 
Vol XVII, part IX, C. F. C. B.J 

the following » a list of the species, of which no less than seventeen 
new; the examples of two of these new speoies are in a pom; state of 
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preservation, but the remaining fifteen have been described and the de¬ 
scriptions will be found at the end of the list. Two keys have also been 
added to aid in the discrimination of the various species of Holcoderm ; 
and Risophilus , and a plate will be found among the illustrations to aid 
in the determination of the various species of Lebia . As my Catalogue 
of Indian Carabidae has recently appeared, it seems unnecessary in the 
enumeration to add synonyms and additional references and consequently 
only the original reference is given in each instance, with a note after 
each species indicating its distribution. The types of all the new species 
have been placed in the British Museum. 

Two single specimens, one of Gallistomimus coarctatus Laf., the other 
of Mastax vegeta Andr., were also included in the collection, both labelled 
“ Fraserpet ”. These species, as far as I know, are both confined to the 
Himalayas, and, as I am informed that in February 1930 collections 
from Dehra were being mounted at the same time as the sandal material, 
I feel little doubt that the specimens in question were actually found in 
the neighbourhood of Dehra Dun and were labelled “ Fraserpet u by 
inadvertence'. In the circumstances I have omitted them from the 
enumeration. 

The drawings for Plate No. Ill were prepared in England by Miss 
0. F. Tassart; all the other drawings were made at Dehra Dun by 
Mr. J. B. Singh. 


Enumeration op the Species. 

1. Oxylobus lateralis I)ej. Spec. Gen. I. 1825, p. 400. 

Devarbetta, 28-III-1930, 1 ex. found on the ground ; Jawalagiri, 
25-IV-1930, 1 ex. A common species throughout South India and 
Ceylon. 

2. Oxylobus exiguus sp. nov. (vide p. 0). 

3. Tachys politus Moteh* Bull. Mosc. 1851. II, p. 509, var, aspilotus 

Andr., Revision of the. Oriental Species of the genus Tachys, Ann. 
Mus. Civ. Gen. LI, 1925, pp. 406 and 449. 

Fraserpet, 10-II-I930, 1 ex. Very common throughout S. E. Asia, 
excluding Japan. 

4. Tachys blandus Andr., in Mission Babault, Carabidae, 1924, p. 85, 

t. 1, f. 8. 

Fraserpet, 10-V-1930, 1 ex. Fairly common throughout 
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5. Tachya salemus sp. nov. {vide p. 6). 

6. Tachya fumigatus Motch. Bull. Mosc. 1851. II, p. 509. 

Fraserpet, plot 3, 20-XU-1930, 1 ex. One of tlie commonest species 

in the East, found throughout S. E. Asia and the Malay Archipelago. 

7. Anthia gexguttata F. Syst. Ent. 1775, p. 23G. 

Devarbetta, March 1930, 1 ex. Common throughout the plains of 
India. I did not sec this specimen. 

8. Amblystomus indicus Nietn. Ann. Mag. Nat. Hist. (3). II. 1858, 

p. 128. 

Uduparani, 28-1-1930, 3 ex. taken at light. A common insect, 
described from Ceylon and widely spread also in Southern India. H. W. 
Bates mentions as other localities Ohota Nagpur, Burma, and Indo- 
China, while Mr. T. G. Sloane gives Australia: these identifications 
appear to require confirmation. 

9. Amblystomus punctatus Bates. Ann. Mus. Civ. Gen, XXXT1. 1892, 

p. 335. 

Jawalagiri, plot 14, 2-1111931, 1 ex. Fairly common throughout 
Central and Southern India, Ceylon, and Burma. 

10. Amblystomus sp. 

Fraser pet, plots 1, 3 and fi>, 10-V1-1930—22-V-193I, 5 ex. 

11. Amblystomus sp. 

Fraserpet, plots 2, 4 and fi, 21-VI-1930—17-IX-1930, G ex. 

12. Amblystomus sp. 

Fraserpet, plot G, 10-1X-1930, 1 ex. Of the seven species of Ambhjs* 
tomus described by Motehulsky, none lias yet been satisfactorily identified. 
The descriptions are generally futile, and, before new species are des¬ 
cribed, it seems desirable to wait until his type specimens arc available 
for examination.* 

13. Abacetus submetallicus Nietn. Ann. Mag. Nat. llist. (3). II. 1858, 

p. 177. 

Fraserpet, 10-11-1930, 1 ex. Fairly common throughout India, 
Ceylon, Burma, and Indo-China. 

♦ Since the above was written I have had tho opportunity of seeing Motehulsky ’b types 
of this genus, and some observations on them will be found in Trans. Knt. Soc., Lond. 
1933, pp. 6 ti seq. 
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14. Colpodes sp. nov. 

Fraserpet, plots 1 and 6, 21-26-XI-1930, 2 cx., in very poor condition. 
The genus has almost a world-wide distribution in the tropics, and S. E. 
Asia, particularly the Malay region, is very rich in species. 

15. Brachinus sordidus sp.nov, (wdep. 7). 

16. Omphra atrata Klug Jahrb. Ins. 1834, p. 72. (1) 

Uduparani, 28-1-1930, 1 ex., which does not quite agree with the typi¬ 
cal form. Bengal, Central Provinces, and Madras, but probably more 
widely distributed. 

17. Orthogonius femoralis Chaud. Bull. Mosc. 1848.1. p. 99. 

Jawalagiri, plot 8, 2-VI-1930, 1 ex. Confined to Southern India. 

18. Orthogonius sp. nov. 

Aiyur, plot 19, 21-X-1930, 1 ex., in poor condition. The species of 
this genus are found in termites’ nests. 

HOLCODERUS. Key to the Indian and Singhalese species (rid" p. H). 

19. Holcoderus fissus sp. nov. (vide p. 9). 

20. Holcoderus carinatus sp. nov. (vide p. 10). 

21. Holcoderus superbus sp. nov. (vuh p. lo). 

22. Coptodera transversa Selim. Goeb. Faun. Col. Birm. 1846, p. 54. 

Aiyur, 16-VII-1930, 1 ex. Not apparently common, but widely 
distributed in India, Ceylon, Burma, Indo-China, and the Malay rogiou. 

23. Dromius capnodes sp. nov. (vide p. 11). 

RISOPHILUS. Key to the species found in India, Ceylon, and Burma 

(vide ]>. 12 ). 

24. Ruophilus euproctoides Bates, Ann. Mag. Nat. Hist. (5). XVII. 

1886, p. 209. [ Plate II, fig. 3.] 

Fraserpit, plots 1, 2, 3, 4, 6 and 7, 25 ex.; Jawalagiri, plots 8, 10, 11, 
11 an I 14, 9 ex.; Aiyur, plots 16, 19 and 21, 8 ex. Specimens were 
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found practically throughout the year. The species was described front 
Ceylon, and has also been met with in the Nilgiri Hills. 

25. Risophilus beesoni sp. nov. (vide p. 15). 

26. Risophilus gardaer i sp. nov. (vide p. 16). 

27. Risophilus ochroides sp. nov. (vide p. 17). 

28. Calleida splendidula F. Syst. Eleuth. I. isoi, p. 184. 

Aiyur, 3-IV—23-V-1930, 2 ex.; Henkanikota, 28-V-1930, 1 ex. 
(a variety). Common throughout S. E. Asia, excluding Japan. 

29. Parana nigrolineata Chaud. Bull. Mosc. 1852.1, p. 44. 

Aiyur, 16-V-1930, 1 ex.; Fraserpet, plot 2, 20-XII-1930,1 ex. Fairly 
common throughout S. E. Asia, including Southern China and Japan. 

30. Pentagonica ruficollis Schni. Gocb. Faun. Col. Birm. 1846, p. 48. 

Fraserpet, 29-VI1-1930, 1 ex. Not common, but widely spread 
through S. E. Asia and through the Malay Archipelago to Australia ; 
there is, however, no record of its occurrence in China or Japan. 

31. Pentagonica venusta sp. nov. (vide p. 17). 

LEBIA. Illustrations of the speeies found in India, Ceylon, and 
Burma (Plate Ill). 

32. Lebia campania sp. nov. (vide p. 20 ). 

33. Lebia ephippiata sp. nov. (vide p. 20 ). 

34. Lebia lunigera sp. nov. (vide p. 19). 

35. Lebia ocellata sp. nov. (vide p. 18). 

36. L ebi a dichroma An dr. Spol. Zeyl. XII, 1923, p. 249. [Plate 111, 

fig. 1.] 

Aiyur, 10-12-VI-1930, 2 ex. Occurs rather sparsely through India 

and Ceylon. 
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Oxylobus exiguus sp. n. [ Plate I, fig. 4.] 

Length : II mm. Width : 3 mm. 

Head wide and rather flat, frontal impressions short but deep, diverg¬ 
ing behind, front a little uneven, some coarse punctures at sides behind, 
neck constriction fairly deep at sides only, eyes moderately prominent; 
labrum bisetose, the median lobe projecting forward beyond the lateral 
lobes, clypeus bidentate in front, the median part with a deep semi-cir¬ 
cular depression on each side, clypeal suture fairly deep. Protkorax 
quadrate, as long as wide, and only a little wider than head, base some¬ 
what rounded, apex widely emarginate, front angles a little rounded, 
sides nearly parallel, slightly emarginate, with two setae on each side 
in front ; median line fine, deeper close to base, basal channel deep, 
the foveae obsolete, lateral channel rounding front angle, within which 
is a deep rounded pore, transverse impression fairly deep and a little 
crenulate. Elytra as wide as prothorax, rather less than twice as long 
as wide, cpipleura coarsely punctate; 8-striate, striae very deep, dorsal 
ones with closely placed rounded punctures, 1, 2 and 5 free at base, 
3 joining 4, 7 and 8 lying together in the marginal channel, 7 visible only 
towards apex ; intervals forming rounded costae, 1 and 3 slightly wider 
than the others, 5 and 6 somewhat carinate along inner margin, 7 very 
narrow and carinate throughout, but not nearly reaching apex, 3 with 
a pore not far from apex. Prosternum rather sparsely punctate in front, 
metepisterna coarsely punctate ; ventral segments coarsely punctate, 
chiefly at sides, a shallow longitudinal depression in front, just behind 
the mesocoxac, and a much deeper one on the middle of the apical segment. 

This species, the smallest at present known in the genus, is allied to 
0. lirifer An<lr., but the head, apart from the impression noted above, 
is smooth and even, the neck constriction slighter, the puncturation less ; 
the sides of the prothorax are parallel and the transverse impression is 
deeper; on the elytra the striae are narrower, with smaller punctures 
in them, the intervals more nearly equal, 3 with a much smaller pore. 
Madras : North Salem, Aiyur, 26-1-1931, 1 ex. “ underground 

Tacliys salemus sp. n. f Plate I, fig. 6.] 

Length: 3-3*2 mm. 

Black, joints 1-4 of antennae, palpi, legs, and two fairly large spots 
on each elytron ferruginous to flavous, joints 5-11 of antennae fuscous, 
Head with duplicated frontal furrows, the inner pair shorter than the 
outer, eyes prominent, raentum without pores, antennae stout but 
not moniliform, joint 2 —3. Prothorax convex, a half wider than long, 
base a little wider than apex, sides rounded in front and sinuate at a 
little distance from base, hind angles right with a distinct oarina; basal 
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sulcus deep, rather indistinctly crenulate, interrupted on each side of 
the central pore with which the fine median line terminates. Elytra 
short and convex, border forming a scarcely perceptible angle at shoulder ; 
two faintly crenulate dorsal striae, 1 reaching apex and a little longer 
than 2 in front, where both terminate not far in front of the first pore, 
2 extending a little way behind the second pore, 3 when viewed sideways 
just visible between the two pores, 8 deep throughout, stride on middle 
of elytron, the pore within it and half way along it, dorsal pores on stria 
3, at a third and three-fifths. No microsculpture. Piosternum suleate, 
metasternal process sharp, with an arcuate groove behind it. 

Very nearly allied to nahtiodes Andr., but a little larger and longer, 
the apical joints of the elytra fuscous, the spots on the elytra much 
more distinct; the head and prothorax hardly differ, though the basal 
sulcus of the hitter is not so deeply impressed on each side of the central 
pore ; the elytra are slightly, though evidently longer, the dorsal striae 
faintly arcuate, instead of straight, the vestige of 3 fainter and visible 
only between the pores. 

Madras ; North Salem, Jawalagiri, 15 and 18-III-1930, 2 ex. $$ 


Brachinus sordidus sp. n. [ Plate I, fig. 5/J 
Length : 10 mm. Width : 4*2 mm. 

Ferruginous, the elytra and venter black, joints 5-11 of antennae, 
lateral borders of prothorax, and metepisterna infuseate, legs flavous. 

Body winged and covered with a fairly dense yellowish pubescence. 
Hoad with the frontal foveae moderately deep, finely and irregularly 
.striate at sides, eyes large and prominent, antennae long, stout, reaching 
middle of elytra, last joint of palpi truncate at apex, vertex nearly smooth, 
surface elsewhere finely and not closely punctate, with some larger 
punctures on each side behind. Prothorax cordate, barely wider than 
head and only an eighth wider than long, base a little narrower than apex, 
sides rounded in front, strongly contracted behind and sinuate at a fourth 
from base, front angles somewhat rounded, hind ones right but not very 
sharp, projecting faintly laterally ; median line fine in the middle, deeper 
at extremities, basal foveae rounded, rather shallow, surface rather 
closely punctate. Elytra convex, a little more than twice as wide as 
prothorax, about a third longer than wide, strongly contracted in front 
and widest at apical third, shoulders not rounded away, sides rounded, 
apex with a fairly deep re-entrant angle, the pale membranous margin 
without either long setae or any appreciable fringe of minute hairs ; 
striae very vaguely punctate, intervals a little raised but not eostate, 
the surface very finely, though not very closely, asperate-punctate. 
Microsculpture very fine and isodiametric, clear on the elytra, indistinct 



ft f Indian Forest Records. [ Vol. XVtlt 

elsewhere. Prosternum densely covered with long hairs; metepisterna 
long and narrow. 

In size and shape very like B . suiurellm Chaud., but the elytra are 
uniformly black, instead of blue with a red suture, the prothorax is 
longer and a little more contracted behind, the elytral intervals less 
raised. 

Madras : North Salem, Uduparani ( N . G\ Chatterjee ), 28-1-1930, 
1 ex. “ on wing ” (hind legs wanting). United Provinces : Dekra Dun 
(//. G . Champnm), i ex. It seems possible that the type specimen has 
been labelled “ Madras” by inadvertence, and that both specimens 
came from Dehra Dun. 

Key to the Indian and Singhalese species of HolOOdcrilSU 

1 (8) Elytra with 3 pores on interval 3, 

none on 5; colour of, upper 
surface chiefly black, inetallic 
green or aeneous. 

2 (5) Prothorax with the median line 

bordered; elytra subconvex, with 
a tooth on each side at apex 
opposite stria 2. 

3 (4) Head impunctate; elytra with very 

large dorsal pores, uniformly aeneous 

(Ceylon) ..... praenwrsus Chaud* 1 2 

4 (3) Head punctate; elytra with small 

dorsal pores, purplish, with the 
sides metallic green (South India 
and Ceylon) .... fissus sp. n. 3 

5 (2) Prothorax with the median line unbor¬ 

dered ; elytra rather flat, without 
teeth at apex. 

0 (7) Prothorax finely and sparsely punctate, 
a carina running along each side 
within the border ; elytra with the 
two front pores very large. Length 
8*5 mm. (South India) . . . carinatas sp. n. a 

7 (()) Prothorax conspicuously punctate, 
without lateral carinae ; elytra with 
small dorsal pores. Length about 
0*5 mm. (North India) . . . aeripennis Andr. 4 

1 Aim. 8oc. Ent. Rolg. XII. 18(59, p. 1/53. 

2 See p. 9. 

8 See p. 10. 

4 Ann. Mag. Nat. Hist. (10). VII. 1931, p. 519. 
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8 (1) Elytra with 5 very small pores on in¬ 
terval 3, 2 on interval 5; colour of 
upper surface brilliant, that of 
elytra formed by concentric ellip¬ 
tical rings of alternate violet and 
cupreous green (South India) . . superbus sp, n. 1 

Holcoderas fissus sp. n. [ Plate I, fig. 1.] 

Length : 0*5-7 mm. 

Ficeous, upper side black with faint purplish reflections, elytral 
intervals G-8 covered by a metallic green stripe, which towards apex 
extends to interval 9 and the inner intervals. 

Head moderately convex, frontal impressions short and shallow, 
bounded externally on each side by a fine carina, which curves round 
behind to the back of the eye, neck constriction obsolete, labrum and 
olypeus impunctate, elsewhere finely and rather sparsely punctate, eyes 
large and fairly prominent, antennae slender, just reaching base of 
prothorax. Prothorax convex, subquadrate, a little wider than head 
and quite a third wider than long, base produced backwards at middle, 
sides with a narrow reflexed border, straight in front and behind, an 
angle at a third from apex, where there is a pore and seta, another at 
front angle, and a third just before hind angle, where there is a slight 
indentation in the border, hind angles sharp but a little obtuse ; median 
line wide and fairly deep, with a wide border, hind transverse impression 
and the rounded basal foveae fairly deep, surface—except that of median 
line—rather densely punctate. Elytra rather fiat, a fourth wider Ilian 
prothorax and three-fourths longer than wide, shoulders very square, 
only slightly dilated behind, truncate and tri-emarginate at apex, an 
obtuse tooth on each side opposite the end of stria 2 ; striae moderately 
deep, finely punctate, the punctures disappearing on 1-3 towards apex, 
a small pore on each side of scute Hum, intervals a little convex, 7 narrower 
than the rest and subcostate, 3 with two large pores at a fourth and a 
half, adjoining stria 3, a third and much smaller one near apex, ad¬ 
joining stria 2, surface subsericeous. Microsculpture isodiaraetric 
throughout, the meshes larger and more conspicuous on the elytra 
than on the head and prothorax, Proepisterna coarsely punctate; 
metepisterna elongate ; last ventral segment finely and sparsely punctate 
and pubescent, with two marginal setae on each side ($); claws with 3 
or 4 small denticulations on each side. 

Madras: North Salem, Uduparani, 31-V-1930, 1 ex. (type). 
Ceylon : Horawapotana {G. M. Henry— Colombo Mus.), 1 ex. ; Pera- 


1 See p. 10, 
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deniya, 26-VIII-1910 (Indian Mus.), 1 ex. All the specimens are ap¬ 
parently 


Holcoderus carinatus sp. n. [ Plate I, fig, 3.] 

Length: 8*5 mm. 

Black, upper surface aeneous, the head and prothorax much darker 
than the elytra ; palpi, base of antennae, and legs more or less ferruginous. 

Head wide, frontal impressions subrugose, deep in front, bounded 
by a carina op each side, neck constriction moderate, deeper at sides, 
surface finely and sparsely punctate, nearly smooth on vertex, eyes 
rather flat, antennae fairly stout. Prothorax convex, subcordate, a 
little wider than head, a fourth wider than long, sides with a narrow 
reflcxed border, straight in front, slightly sinuate before base, subangulate 
at a third from apex, lateral setae as in superbus (middle and hind setae 
abraded), hind angles right but a little rounded, somewhat reflexed ; 
median line wide but not bordered, pointed in front, basal foveae deep, 
a well marked carina running on each side from near front angle parallel 
with sides to a third from base, a fovea on each side of disk a little before 
middle, surface finely and sparsely punctate. Elytra rather flat, two- 
thirds wider than prothorax, and as much longer than wide, a little com¬ 
pressed at a third from base and thence slightly dilated, apex truncate 
and bi-emarginate; punctate-striate, both striae and punctures shallow 
on disk, fairly deep at sides and behind, stria 7 as in superbus ; intervals 
slightly convex on disk, more convex at sides, 7 carinate at middle, 3 
with three conspicuous pores, surface rather shiny, with a few minute 
irregular punctures, transversely depressed behind base. Microsculp- 
ture of elytra consisting of fine transverse lines, forming very wide meshes ; 
on the prothorax the meshes are similar, but finer and fainter; on the 
head they are isodiametric but hardly visible. Underside very finely 
and sparsely punctate, the pro-episterna more coarsely punctate; met- 
episterna long and narrow ; last ventral segment sparsely pilose, with 
two marginal setae on each side ($); claws with 3 denticulations towards 
base on each part. 

Coorg : Fraserpet, 17-V-1930, 1 ex. ($). 


Holcoderus superbus sp. n. [ Plate I, fig. 2. ] 

Length: 9 mm. 

Black beneath, upper surface brilliant; head and prothorax cupre¬ 
ous-green, with violet patches, elytra with an oval purple patch on disk 
(longer axis longitudinal), surrounded by alternate elliptical rings of 
violet and cupreous-green. 
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Head wide, frontal impressions short but fairly deep, bounded on each 
side by a carina, which disappears behind the eye, neck constriction slight, 
surface smooth, a few small punctures behind vertex, eyes large and 
fairly prominent, antennae slender. Prothorax convex, subcordate, 
barely wider than head, a third wider than long, base slightly produced 
at middle, bordered, sides with a narrow reflexed border, rounded in 
front, but slightly angulate at a third from apex, sinuate behind, a 
seta on*front angle, and a few small hairs close to it on front margin, a 
second seta at a third from apex, and a (presumably setiferous) pore 
on the hind angle, which is sharp, right, and somewhat reflexed ; median 
line wide but not bordered, pointed in front, front transverse impression 
at sides, hind impression, and basal foveae all moderately deep, last- 
named continued forward, nearly parallel with sides, to join the front 
impression, surface finely and indistinctly punctate. Elytra moderately 
convex, a fourth wider than prothorax, nearly twice as long as wide, 
shoulders square, sides parallel but slightly compressed behind shoulders, 
apex truncate, bi-emarginate and also with a small re-entrant angle at 
middle ; punctate-striate, lightly on disk, more deeply at sides and apex, 
stria 7 curving round behind the others to apex; intervals only 
moderately convex, even at sides, 3 with five pores, 5 with two pores, 
both on front half (only one visible in the co-type), surface rather shiny. 
Microsculpture of elytra isodiametric, conspicuous, none on head or 
prothorax. Underside very finely and sparsely punctate and pubescent; 
proepisterna coarsely punctate ; metepisterna elongate ; last ventral seg¬ 
ment (cJ 9) with two marginal setae on each side; claws with 3 or 4 
denticulations on the middle of each part. 

Coord ; Fraser pet, Plot 6, 3-X1J-1930, 1 ex. 9- Madras : Nilambur, 
Elenjeri (S. K . Pillai ), 18-V-1925, 1 ex. ? (type); Nilgiri Hills ( H . L . 
Andrew's —my collection), 1 ex. G \ Although the Nilambur example is 
a 9, I have made it the type because the other two are such poor speci¬ 
mens. 


Dromius capnodes sp. n. [Plate II, fig. 6. ] 

Length : 4*25-5 mm. 

Piceous, underside variable and often pale ; head and prothorax 
dark brown, the latter rather lighter at sides and base; palpi and 
antennae ferruginous; legs flavous. 

Head small, the surface minutely punctate, frontal foveae short and 
shallow, a slight fovea on each side of vertex, eyes not very prominent, 
antennae submoniliform, reaching rather beyond base of elytra. 
Prothorax convex, a fourth wider than head and as much wider than long, 
base truncate, much wider than apex, front angles rounded, sides narrow¬ 
ly bordered, a little reflexed, explanate behind, rounded in front, only 
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faintly contracted and equally faintly sinuate behind, a seta on hind 
angle, none in front, bind angles right; median line fine, hind transverse 
impression and basal foveae moderately deep; surface minutely punc¬ 
tate, with a few ti a ns verse wrinkles. Elytra flat, subquadrate, three- 
fourths wider than prothorax, a half longer than wide, apex truncate, 
basal border reaching stria 2 ; striae shallow, finely and indistinctly 
punctate, intervals nearly flat, 3 with a single pore near apex, 7 with 
half a dozen pores, adjoining stria 6. Microsculpture very distinct, 
the meshes isodiametrie on head and elytra, slightly transverse on aver¬ 
age on the prothorax. Last dorsal segment emarginate on each side; 
last ventral segment a little emarginate at middle and in the $ with 
a deep longitudinal depression, $ with 2 marginal setae, $ with 3 on each 
side, the outermost in both sexes longer than the inner ones; claws 
with 4 denticulations on each side. 

Very similar in colour to I), orthogonioides Bates, but much smaller, 
the labial palpi pointed, not obliquely excavate-truncate at apex ; the 
prothorax is narrower, its sides slightly sinuate behind, the clytral striae 
very shallow. 

Coorg : Fraserpet, plots 1, 2, 3 and 6, 31-X- 24-XII-1930, 3 ex. 
Madras : North Salem, Noganur, 23-V-1930, 2 ex. (inch type); Aiyur, 
plots 15, 17, 18, 19 and 20, II-XI-1930,17 ex.; Jawalagiri, plots 8 and 12, 
11-VI, 1*IX, and 15-XI-19S0, 4 ex. Mysore: Ohikkaballapurn ( T . V. 
Camjrbtil —my coll.), 1 ex. 


Key to the species of Risophilus found in India , Ceylon and Burma 

1 (28) Elytra with two, usually conspicuous, 

dorsal pores on interval 3. 

2 (15) Sides of prothorax not, or only gently 

sinuate behind, the hind angles 
projecting very little, if at all, 
laterally. 

3 (0) Prothorax not contracted behind, 

widest at base, upper surface piceous 

4 (5) Upper surface glabrous, elytra rather 

flat, nearly twice as long as wide, 

uniformly piceous (Ceylon) . . fuscus Match. 1 

5 (4) Upper surface sparsely pilose, elytra 

convex, only a half longer than wide, 
piceous but with a pale apical border 
(Madras). macettus Andr.® 


1 Etudes Ent. VIII. 1859, p. 28, t. 1, f. 2. 

* Ann. Mag. Nat. Hist. (9). Ml 1923, p. 454. 
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6 (3) Prothorax contracted behind, not 

wider at base than in front. 

7 (14) Elytra moderately dilated behind, the 

shoulders square, or at least evident, 
marginal channels of normal width. 

8 (13) Elytra moderately convex, more than 

a half longer than wide, the striae at 
least moderately impressed, antennae 
pale. 

9 (10) Elytra with intervals 7 to 9 much 

narrower at base than the inner 
intervals, head with a deep fovea 
at each side of front, head and 
prothorax brown, elytra ferruginous, 
with a dark shoulder stripe on each 
side (Ceylon) .... 

10 (9) Elytra with approximately equal in¬ 

tervals (9 narrower), head not deeply 
foveolate. 

11 (12) Elytra with deep punctured striae, 

wdiich, like the dorsal pores, are 
darker than the surrounding sur¬ 
face, colour dirty yellow, length 
5-6 ram. (North East India, Burma, 
Indo-China, Formosa) , 

12 (11) Elytra with the striae and dorsal pores 

not differing in colour from the sur¬ 
rounding surface, colour variable, 
from ferruginous with two pale 
spots on each elytron, to uniform 
piceous, length 4-4-5 mm. (South¬ 
ern India and Ceylon) . 

13 (8) Elytra convex, a half longer than wide, 

the striae very lightly impreased, 
joints 4 to 31 of antennae and upper 
surface piceous (Madras) 

14 (7) Elytra strongly dilated behind, the 

shoulders rounded away, the margi¬ 
nal channels explanate, disk ferrugi¬ 
nous, margins brown (Ceylon) 

~ 1 Ann. Mag. Nat. Hist. (5). XVII. 1886, 

1 Faun. Col. Birm. 1640, p. 35. 

•Ann. Mag. Nat. Hist. (5). XVII. 1886, 
4 Ann. Mag. Nat. Hist. (9), XII. 1923, p 
1 Ann. Mag. Nat. Hist. (3). Ill, 1859. p. 


melleux Bates. 1 


luridus Sckm. Goeb * 


euprocloides Bates. 3 


pdlus Andr, 4 


repavulens Walk. 5 


p. 208. 

p. 209. 
1.455. 
51. 
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15 (2) Sides of prothorax strongly sinuate 
near the hind angles, which project 
on each side as a sharp tooth. 

10(21) Prothorax widest at base, the hind 
angles projecting far on each side 
as a very sharp tooth. 

17 (18) Sides of prothorax faintly rounded in 

* front, colour piceous, elytra dark 

ferruginous, clouded round sou tel- 
lum and towards apex, length 5 mm. 

(Coorg) ..... bccsoni sp. n. 1 

18 (17) Sides of prothorax moderately rounded 

in front, colour flavous, head and 
prothorax darker, elytra with the 
suture and a post-median fascia, 
piceous, length 4 mm. 

19 (20) Elytra with intervals 1 and 2 on each 

side, also 3 near base and a fairly 
deep post-median fascia, generally 
reaching sides, piceous (Sikkim, 

Burma) ..... sit tit mb's Selim. Ooeb. 2 3 

20 (19) Elytra with the suture and a post¬ 

median fascia piceous, both stripe 
and fascia shortened at their extre¬ 
mities (Burma, Jndo-Ohina) . . amtammsis Bates.** 

21 (10) Prothorax not wider at base than in 

front. 

22 (23) Prothorax with its sides very gently 

rounded, hind angles obtuse, but 
sharp, and projecting very little 
laterally, elytra black with a pale 
stripe on each shoulder, length 5 mm. 

(Coorg) ..... gardneri sp. n. 4 

23 (22) Prothorax with its sides moderately 

rounded, hind angles right, project¬ 
ing laterally. 

24 (25) Elytra black with a small pale spot on 

each close to apex, length about 
5 mm, (Kumaon) .... hitwtlayicm Andr, 5 

1 Set p. 15 . 

2 Kaun. Col. Birin. 1846, p. 34. 

3 .Ann. Soc. Enfc. Fr. J88U, p. 284. IVohably only ft colour variet y of Mturalia. 

4 See p. 16. 

4 Ann. Ma<?. Nat. Hint. (0). XII. 1923, p. 688. 
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25 (24) Elytra ferruginous with a dark pat¬ 
tern, length 4-4*5 mm. 

20 (27) Elytra with a sutural and two lateral 
dark stripes on the pale background, 
a dark fascia just behind middle 
uniting them (Delira Dun, Burma, 

Indo-China, Java, Sumatra) . . signifer Sohm. Goeb. 1 

27 (26) Elytra with a dark sutural stripe, not 

reaching extremities, and a dark 
crescent behind, the whole forming 
a kind of spear-head (Madras, 

Burma, Borneo) .... hamalm flchm. Goeb. 2 

28 (1) Elytra with more than two dorsal 

pores on interval 3, interval 5 also 
bearing dorsal pores. 

29 (32) Elytra with rounded shoulders, deep 

striae, a rough surface, and very 
deep dorsal pores, their colour fer¬ 
ruginous or brown, with a dark spot 
at each side and a pale one at apex. 

30(31) Elytra 1 interval 3 with six or seven 
pores, 5 with three to five pores, 
colour mainly brown (Ceylon) . mtemtus Bates. 3 

31 (30) Elytra! interval 3 with three pores, 5 

with three or four pores, colour 

mainly ferruginous (Ceylon) . . wtcrm-cdius Bates. 4 

32 (29) Elytra with square shoulders, fine 

striae, and a smooth surface, colour 
flavous, with only a small vague 
apical dark spot, interval 3 with four 
pores, 5 with two or three pores . ochroidcs sp. n. 5 

Risophilus beesoni sp. n. [ Plate II, fig. 4.] 

Length: 5 mm. 

Piceous: elytra dark ferruginous, with a vague cloud round scute!- 
lum and another larger cloud on disk behind ; palpi, antennae, and legs 
pale ferruginous. 

1 Faun. Col. Birm. 1846, p. 35. 

2 Faun. Col. Birin. 1846, p. 35. 

•Ann. Mag. Nat. Hist. (5). XVII. 1886, p. 208. 

« Ann. Mag. Nat. Hist. (6). XVII. 1886, p. 208, 

5 See p. 17. 
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Head convex, smooth, neck deeply constricted, frontal foveae short 
but moderately deep, a slight rounded fovea on each side of front, eyes 
prominent, antennae reaching basal fourth of elytra, mentum with a 
long sharp tooth and a seta on each side of it at base. Prothorax a fifth 
narrower than head, as wide as long, base the widest point, its sides 
oblique, much wider than apex, sides narrowly bordered, gently rounded 
in front, strongly sinuate at a sixth from base, front seta at a fifth from 
apex, where there is a faint tooth on the border, hind Beta on the angle, 
hind angles sharp, right, reflexed, projecting far laterally; median line 
and transverse impressions all rather shallow, surface rather vaguely 
transversely striate. Elytra moderately convex, elongate-ovate, should¬ 
ers narrow but evident, apical truncature faintly emarginate on each 
side, more than two and a half times wider than prothorax, rather more 
than a half longer than wide, basal border extending inwards to a point 
opposite stria 3; striae moderately impressed, vaguely crenulate, in¬ 
tervals a little convex, 3 with two pores, not far from base and apex 
respectively, surface impunctate. The meshes of the microsculpture 
are isodiametric on head and elytra, a little transverse on prothorax. 
Ventral surface sparsely setulose, apical segment more shortly and 
closely, with two marginal setae on each side ($); claws very strongly 
toothed. 

Not much like any other species known to me, but distinguishable 
from those found in India by its comparatively large size, colour, wide 
head and elytra, and narrow prothorax. 

Coorg : Fraserpet, 7-V-1930, 1 ex. $. 

Risophilus gardneri sp. n. [ Plate II, fig. 1.] 

Length: 5mm. 

Head and prothorax ferruginous, the latter with a dark lateral border; 
palpi, antennae, legs, and underside (sometimes darker at sides) flavous ; 
elytra black, with the lateral channels and a humeral vitta on each, cover¬ 
ing intervals 4-6 at base, bending a little inwards behind, and disappear¬ 
ing at a half, dull yellow. 

Head as in R . beesoni , but with less prominent eyes. Prothorax 
also a fifth narrower than head and as wide as long, but as wide close to 
apex as at base, the sides nearly straight, but rounded close to front 
angles and sinuate close to base, hind angles a little obtuse, though sharp, 
and not projecting so far laterally, impressions and surface similar, 
Elytra elongate-ovate, relatively longer and narrower than beesoni , 
two and a half times as wide as prothorax, nearly two-thirds longer than 
wide, striae and dorsal pores similar, intervals a little flatter. Micro¬ 
sculpture, underside, and legs similar, but there is a depression on the 
middle of the last ventral segment. 

I Coorg : Fraserpet, 7-V and 2-XI-1930, 2 ex. 
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Bisophilus ochroide® sp. n. [ Plate II, fig. 2.] 

Length: 5*5 mm. 

Flavous: head and prothorax, apical joints of antennae, and tarsi 
ferruginous; lateral borders of prothorax, suture of elytra (narrowly), 
and a small vague spot towards apex of each elytron, on intervals 
5-7, more or less pieeous. 

Head convex, smooth, neck moderately constricted, frontal foveae 
deep, rounded, more or less joined by a median impression behind them, 
a rounded fovea on each side of front, eyes only moderately prominent, 
antennae reaching basal fourth of elytra, mentum with a very sharp 
tooth. Prothorax cordate, as wide as head and a little wider than long, 
widest at a fourth from apex, base, which is very oblique at sides, barely 
wider than apex, sides with a narrow microscopically setiferous, reflexed 
border, rounded in front, but slightly angulate at the widest point, where 
there is a setiferous pore on the border, sinuate close to base, hind angles 
somewhat obtuse and not very sharp, projecting laterally, with the hind 
pore and seta on the angle ; median line and transverse impressions mo¬ 
derately developed, some vague pimcturation on the basal area and near 
hind angles, disk faintly transversely striate. Elytra rather flat, 
subquadrate, slightly dilated behind and widest at apical third, twice 
as wide as prothorax, not quite two-thirds longer than wide, some micro¬ 
scopical setae visible on the narrow, but rather square shoulders, apical 
truncature barely emarginate on each side, basal border extending in¬ 
wards to a point opposite stria 3 ; striae fine, though clearly impressed, 
impunctate, intervals nearly flat, 1 very narrow, 3 with four pores, 5 
with 2 pores (sometimes 3), surface impunctate. Microsculpture 
of the elytra formed by rather faint isodiametric meshes, practically 
none visible on head or prothorax. Sides of metasternum and venter 
sparsely setulose ; apical ventral segment rather more closely pubescent, 
with one marginal seta on each side in the two in the $ ; in the $ this 
segment is deeply depressed at middle and so deeply emarginate as to 
be almost bilobed, the depression extending to the fifth segment, a 
seventh segment visible in the emargination. Claws with the denticu- 
lation shorter than usual. 

Coorg : Fraserpet, plots 1, 6 and 7, 4-III-1930—25-11-1931, 
3 and 1 ? (without head). United Provinces : Dehra Dun, 
Kaluwala, 1 ex. (my collection). 

Pentagonica venusta sp. n. [ Plate II, fig. 5.] 

Length: 5-5*5 mm. 

Ferruginous: elytra black, intervals 1, 8 and 9, shoulders, and legs 
flavous; palpi, joint 1 of antennae, disk of head, disk of prothorax, 
and middle of both femora and tibiae usually more or less infuscate. 
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Head rather large, a vague transverse impression across front between 
the front supra-orbitals, eyes very large and prominent, neck constric¬ 
tion deep, antennae fairly stout, reaching a little beyond base of elytra. 
Prothorax pentagonal, convex, a fifth wider than head, four-fifths wider 
than long, base slightly produced at middle, apex faintly emarginate, 
bordered, front angles rounded, sides reflexed, angulate at middle, a 
large pore on the angle, rounded on front half, then straight, but sinuate 
before the produced base; median line fine but distinct, transverse 
basal impression deep, surface smooth, basal area vaguely rugose. Elytra 
convex, oval, two-thirds wider than prothorax, two-fifths longer than 
wide, base emarginate, apex truncate and slightly bi-emarginate, the 
outer angles rounded ; striae rather shallow, vaguely punctate, intervals 
slightly convex, 3 with three dorsal pores. Microsculpture isodiametrie 
throughout and very distinct, the meshes much finer on head and pro- 
thorax than on elytra. 

Only two other eastern species are known with a similar elytral 
pattern, viz., horni I)up. from Ceylon, distinguished by having intervals 

2 and 7 also flavous, and suturalis Hehaum from China. The latter species 
is very closely allied, but in it the head is black and on the elytra only 
the sutural interval and margin are pale; the sides of the prothorax 
are sinuate at and not before the produced base, the elytra are relatively 
longer and rather more finely striate. 

Coorg : Fraserpet, plot 4, 27-X-1930, 1 ex. (type). Mysore : 
Nandidrug (T. V. Campbdi —my collection), 1 ex. Madras : South 
Mangalore (J. C. M. Gardner —For. Res. Inst.), 22-V-1930, 1 ex. ; Nilgiri 
flills, Kallar, 1,000 feet, November (//. L. Andrewes —my collection), 
1 ex. Bombay : Bclgaum (//. E. Andrewes), “ at light ” during the 
rains, 1886, 1 ex. Ceylon : Peradeniya (Ind. Mus.), 1 ex. 

Lebia ocellata sp. n. [ Plate III, fig. n.] 

Length : 6-6T)5 mm. Width : 3 mm. 

Ferruginous, head and disk of prothorax sometimes darker, elytra 
with a common, black, rounded spot just behind middle, covering the 

3 or 4 inner intervals on each side. 

Head with very slight frontal foveae, a rounded pore at each end of 
clypeal suture, eyes prominent, palpi short and slender, antennae rather 
rtout, reaching basal fourth of elytra, surface nearly smooth, but with 
u few minute punctures and vague rugae. Prothorax convex, a fifth 
wider than head, two-thirds wider than long, base produced at middle, 
with a distinct though obtuse angle on each side, front angles rounded 
away, sides moderately explanate and a little reflexed, strongly rounded 
in front, nearly straight behind, widest at a third from base, froht seta 
on the explanate area at a fourth from apex, hind one on the 
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obtuse hind angle; median line fine, hind transverse impression rather 
deep in front of the produced middle of base, surface finely rugose-striate. 
Elytra ovate, moderately convex, twice as wide as prothorax, a little 
more than a half longer than wide, widest at apical third, apex truncate, 
the outer angles of the truncature rounded; striae very deep, hardly 
visibly crenulate, intervals strongly convex, 3 with two pores, at a third 
and three-fourths respectively, surface impunctate. Microsculpture 
isodiametric throughout and very distinct. Venter punctate and 
pubescent; mesotibiae with a nick on inner side near apex ; joint 4 of 
tarsi bilobed, claws with 4 denticulations on each part. 

Very similar to L. monostigma Andr., but larger, the ground colour 
darker, but with a similar black spot on the elytra. Head and prothorax 
similar, but in the Bornean type of monostigma the eyes are less promi¬ 
nent, the elytra longer, less convex, and less dilated behind. In monos - 
tig^na there are two dorsal pores on interval 3, placed as in ocellaia ; 
in the original description only one is mentioned. The two forms are 
possibly only local races of one variable species. 

Madras : North Salem, Jawalagiri, plot 9, 21-X and 17-X11-1930, 
2 qx. cJ §. 


Lebia lunigera sp. n. [ Plate III, fig. 18.] 

Length : 4-5 mm. Width : 2-2*5 mm. 

Ferruginous to flavous, parts of head, prothorax, and venter some¬ 
times, a small region round scutellum usually infuscate, elytra with a 
piceous, horse-shoe-shaped mark (convex behind) on apical half, ex¬ 
tending outwards on eacli side to stria 5, sometimes G. 

In form and colour very much like L. ocettata, just described, but 
even the large specimens are much smaller, and the elytra are marked with 
a dark crescent instead of a spot. 11 rad similar. Prothorajr with me¬ 
dian part of base less produced behind and the emargination on each 
side very obtusely angulate, the sides more contracted in front and less 
so, or not at all, behind, so that the widest part is at or (dose to the hind 
angles, which are hardly more than right. Elytra shorter, only three- 
fourths wider than elytra and a fourth longer than wide, the striae 
much less deep and with slightly more evident crenulation, the intervals 
only moderately convex. Microsculpture similar. Venter rather sparse¬ 
ly punctate and pubescent; only a minute incision on the inner margin 
of the mesotibiae, but joint 4 of the tarsi is similarly bilobed and the 
denticulations on the claws are unusually long. 

Madras : North Salem, Jawalagiri, plots 10 and 13 (1 ex. each), 
264V—10-XI4930, 11 ex., and Aiyur, 23-V-1930, 1 ex.; Nilgai 
Hills, Kallar, 1,000 feet, Nov. (/£. L. Andrews— my collection)., 1 ex. 
Bengal : Khargpur (22. Hodgart —Indian Mus.), 17-30- VHI 4930, 1 ex. 
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Ceylon : Horawupotana (0. M. Henry —Colombo Mua.), 14-X-1924, 

1 ex.; Anuradhapura, low country (N. Annandale —Indian Mus.), 
13-20-X-1911, 1 ex. 

Lebia ephippiata sp. n. [ Plate III, fig. 5.] * 

Length: 4-75-5-25 mm. Width : 2-2-2-4 mm. 

Flavous, head and disk ol prothorax sometimes infuscate, elytra 
with a narrow zigzag piceous band just behind middle, extending out¬ 
wards on each side to about stria 8, produced somewhat both backwards 
and forwards on intervals 1-2, and a little less on interval 6. 

Smaller and a little paler than L. ocellata, though almost exactly 
similar in form, the dark marking on the elytra strikingly different. 
Head and prothorax similar, but the latter is a little narrower, only a 
half wider than long; the elytra are a little shorter, only three-fourths 
wider than prothorax and rather less than a half longer than wide, 
the striae a little less deep and the intervals slightly less convex. Mi¬ 
crosculpture, underside, and legs similar, but the nick on the inner 
side of the $ mesotibiae is a very slight one. 

Madras : North Salem, Jawalagiri, 17-VII—ll-XII-1930, 9 ex., 
and AiyuT, 25-V-1930, 1 ex. 

Lebia campania sp. n. [ Plate III, fig. 13.] 

Length : 4-75-5-5 mm. Width: 2-25-2-75 mm. 

Ferruginous, joints 4-11 of the antennae fuscous ; elytra with a black 
band from a little in front of middle to a sixth from apex and extending 
outwards on each side to stria 9, a subtriangular extension in front, 
covering the first three intervals on each side and ending in a blunt 
point half way between the band and the base, hind margin extending 
furthest back on intervals 2-4. 

Smaller than L. ocellata, and nearly similar in form, but the pattern 
on the elytra is entirely different. Head similar ; prothorax with sharper, 
almost rectangular, hind angles and the middle of base more produced; 
elytra evidently shorter, less than twice as wide as prothorax and not much 
more than a fourth longer than wide, the striae less deep and the intervals 
less convex. Microsculpture, underside, and legs similar. 

Very near the North Indian L. baconi Chaud., but, judging by the 
author’s figure, with the black band on the elytra less deep, the pale 
area at base being more extensive ; in baconi the pale area extends back¬ 
wards to only a fifth from base, and the black median extension of the 
band nearly reaches base and is truncate in front. It seems probable 
that both baconi and campania are only colour varieties of L. basalis 
Chaud., another North Indian species, but an examination of the types 
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and a study of all the Indian species are necessary, before this can be 
decided. 

Madras : North Salem, Aiyur, 10-X-1930,1 ex.; Nilgiri Hills, Kallar, 
1,000 feet, Nov. (JET. L. Andrewes), 1 ex., and (A. K. Weld Downing) 
1 ex., both in my collection; Foot of Palni Hills, Tope, 500 feet, at light, 
22-23-IX-1922 ( S. W. Kemp —Ind. Mus.), 1 ex. Bombay : Khandesh 
(T. R. D. Bell —my collection), 1 ex. ; Surat, 6-V-1904 (Pusa collection), 
1 ex. Central Provinces : Hoshangabad, Kahatgaon (S. N. Chatterjee), 
1 ex. Benoal : Chapra {Mackenzie —my collection), 1 ex. 



EXPLANATION OF PLATE I. 


Fig. 1. Holcodorus fissus sp. nov. 

Fig. 2. Holoodcrus supcrbus sp. nov. 
Fig. 3. Holcodorus earinatus Bp. nov. 
Fig. 4. Oxylobus oxiguus sp. nov. 
Fig, 5. Brachinus sordidus sp. nov. 
Fig. 6. Tachys salemus sp. nov. 












EXPLANATION OF PLATE II. 


Fig. 1. Risophiius gardneri sp. nov. 
Fig. 2. Risophiius ochroides sp. nov. 
Fig. 3. Risophiius euprootoides Bates. 
Fig. 4. Risophiius beesoni sp. nov. 
Fig. 5. Pentagonica venueta sp. nov. 
Fig. 6. Dromius oapnodes sp. nov. 
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EXPLANATION OF PLATE IIP. 

Lebia diohronta Andr., Spol. Zeyl. XII. 1923, p. 249. 

Lebia aglaia Andr., Trans. Frit. Sop. Lond. 1930, pp. 10 and 44. 

Lobia oironffldata Sohm. Goeb., Faun. Col. Firm. 1846, p. 44. 

Lebia ealycopliora Sohm. Goeb., Faun. Col. Birm. 1846, p. 44, 

Lebia ephippiata sp. nov. 

Lebia decora Chaud., Mon. dos Lebiides (I), Bull. Moso. 1870. ii, p. 150, t. 1, f. 7. 
Lobia gressoria Chaud., Mon. (1). p. 223, t. 1, L 46. 

Lobia tau Schra. Goeb., Faun. Col. Birm. 1846, p. 45. 

Lobia karenia Bates, Ann. Mus. Civ. Gon. XXXII. 1892, p. 426. 

Lobia monostigma Andr., Spol. Zeyl. XII. 1923, p. 250. 

Lobia ocollata sp. nov. 

Lobia baconi Chaud., Mon. (T). p. 150, t. 1, f. 6. 

TiO-bia campania sp. nov. 

Ijobia basalis Chaud., Bull. Mosc. 1852. I. p. 43 ; id. Mon. (I). p. 149, t. I, f. 5. 
Lobia boysi Chaud., Bull. Mosc. 1850. 1. p. 70 ; id. Mon. (1). p. 222, L 1, f. 33. 
Lobia oxsanguis Bates, Ann. Mag. Nat. Hist. (5). XVII. 1886, p. 209. 

Lobia soilata Sohm. Goeb., Faun. Col. Birm, 1846, p. 45. 

Lobia lunigora sp. nov. 


those illustrations black represents that colour in all except No. 1, whore it re- 
dark blue. All the figures have been drawn from type speeimens, eotypes, or 
s compared with typos, except Nos. 6, 7, 12, 14 and 15 which arc taken from 
of Chatidoir’s Monograph, 
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ENTOMOLOGICAL INVESTIGATIONS ON THE SPIKE 
DISEASE OF SANDAL (9). 

Neuroptera. 

BY 

Dr. NATHAN BANKS, 

Cambridge, Mass., U. S. A . 

[ The neuropterous insects obtained in the Forest Research Institute 
Survey of the insect fauna of sandal (Sanltdum album Linn.) that are 
dealt with in the present Record are mainly predators, which frequent 
foliage and bark of trees in their early stages and feed on small cater¬ 
pillars, plant-lice and leaf-hoppers (Aphidae, Psyllidae, etc.). A consi¬ 
deration of their abundance with reference to the occurrence of their 
prey is deferred until the species of insects destroyed by them have been 
identified and analysed. 

The localities mentioned in this paper are:— 

COORG : North Coorg Forest Division, within five miles of Fraserpet, 
elevation about 2770 feet, Sample Plots, Nos. 1 to 7. 

MADRAS : North Salem Forest Division ; within four miles of Aiyur, 
elevation about 2850 feet, Sample Plots, Nos. 15 to 21 ; Jawalagiri, 
elevation about 3050 feet, Sample Plots, Nos. 8 to 14. 

For further details of the collecting stations of the Survey see Indian 
Forest Records, Vol. XVII, Part IX.-C. F. C. B.] 


Hemerobiidae. 

1. Berotha insolita Walker. 
Fraserpet, 18-1-31 (Plot 3). 

2. Lekrugeria lineata Navas. 
Jawalagiri, 2-XII-30 (Plot 8). 
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S. Micromus australis Hagen. 

Fraserpet, 14-XII-30 (Plot 3); Jawalagiri, 13-1-31 (Plot 8), 26-XI* 
30 and 14-1-31 (Plot 9), 17-1-31 (Plot 12), 11 and 12-1-31 (Plot 13); 
Aiyur, 24-11-30, on unspiked sandal, 7-XII-30 (Plot 15), 29-XH-30 
(Plot 16), 27-1-31 (Plot 17), 24-1-31 (Plot 21). 

4. Micromus mlghiricus Navas. 

Fraserpet, 30-XI-30 (Plot 3), 27-X-30 (Plot 4), 31-XII-30 (Plot 6), 
1-1-31 (Plot 7); Aiyur, 18-XI-30 (Plot 7). 

5. Notiobiella viridinervis Banks. 

Aiyur, 15-VIII-30 (Plot 15). 


Mantispidae. 

1. Mantispa indica Westwood. 

Fraserpet, 20-IV-31 (Plot 4), 3-XI-30, 17-V-31 (Plot 3). 

2. Mantispa alicante Banks. 

Aiyur, 20-X-30 (Plot 18), 2-XI-30 (Plot 15). 

3. Mantispa femoralis sp. nov. 

Head pale, face with vertical black stripe, a black band back of 
antennae and another across middle of vertex; antennae black, basal 
two joints pale; pronotum dark brown on each side, yellowish through 
the middle above, the enlarged part with a pale transverse mark; 
mesonotum dark, with a yellow band across in front and the scutellum 
yellow, metascutellum also yellow, pleura dark, with two vertical pale 
streaks ; coxae dark, front femora brown, outer side partly pale, mid and 
hind femora with a broad dark streak on the under side almost making a 
band, mid and hind tibiae dark at base. Abdomen mostly dark, some 
of the middle segments banded at base with yellow. Wings hyaline; 
venation almost wholly dark brown, a few veins at base pale yellow, 
stigma dark brown elongate. Structure, size, and venation very similar 
to M. indica, of which it may be a colour variety. 

Type : Coorg : North Coorg Division, Fraserpet, 14-V-31 (Plot 7); 
also Fraserpet, 21-V-31 (Plot 7). 

Differs from M. indica by dark stigma, dark streak on femora, and 
dark bases of tibiae. 
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4. Mantiapilla torquilla Newman. 

Fraserpet, 22-11-30, 10-IV-30; Aiyur, 22-11-30, on unspiked sandal, 
N. C. 0., 9-XII-30,18 and 25-1-31, 8-II1-31 (Plot 15), 29-VII-30, 6-1-31 
(Plot 17), 25-IV-31 (Plot 21). 

Chrysopidae. 

1. Ankylopteryx Candida Fabricius. 

Jawalagiri, 14-IV-30, on unspiked sandal, N. C. C. 

2. Nothochrysa aequalis Walker. 

Jawalagiri, 14-V-31 (Plot 11). 

3. Chrysopa khandalina Navas. 

Jawalagiri, 30-V-31, 15-V1I-30, 15-IX-30, 19-VIII and 2-IX-30 
(Plot 9), 31-VIII-30 (Plot 14), Aiyur, 23-11-30, 23-VI1-30, 15-XII-30, 
25-1-31 (Plot 15), 31-XII-30 (Plot 18), 20-11-31 and 29-VIII-30 (Plot 
20), 17-1 and 25-IV-30 (Plot 21). 

4. Chrysopa schmitari Navas. 

Jawalagiri, 17-1-31, (Plot 12), 27-IV-30, on spiked sandal, N. C. C. > 
Aiyur, 3-1-31, 12-III-30, on unspiked sandal, N. C. 0., 15-III-30, on 
unspilced sandal, N. C. C., 25-1-31 (Plot 15), 23 and 30-XII-30 (Plot 17), 
28-1-31 (Plot 18). 

5. Chrysopa virgestes Banks. 

Fraserpet, 1G-X1I-30 (Plot 5); Jawalagiri, 13-1-31 (Plot 8); Aiyur, 
12 and 14-111-30, 16-XII-30, 28-XII-30 (plot 15), 10-XII-30 (Plot 18). 

6. Chrysopa alcestes Banks. 

Aiyur, 24-11-30, 23-XI-30, 30-XI-30 (Plot 15), 26-1-31 (Plot 16), 
10-X11I-30 (Plot 18). 

7. Chrysopa orestes Banks. 

Aiyur, 4-XII-30 (Plot 19), 14-X-30; Jawalagiri, 14-IV-30, on un¬ 
spiked sandal, N. C. C., 15-1-31. 

8. Chrysopa cymbele sp. nov. 

Pale yellowish ; in some a red mark across the face near labrum; 
antennae beyond the third joint black; and out for about one-third its 
length, from thence pale; basal joint and palpi unmarked. Wings 
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greenish, venation pale, unmarked. Wings rather slender, acute at 
tip; the gradates of fore wings in parallel rows, 6 and 7, the outer row 
rather nearer to margin than to the inner row. Divisory veinlet ends 
at or near the cross-vein above, second cubital cell as long as third, at 
base above close to the radius; hind wings with veins unmarked, about 
4 to 6 gradates in each row. 

Length fore-wing 13 mm., width 4 mm. 

Type: MADRAS: North Salem Division, Aiyur, 20-IX-30 (Plot * 
16); also Aiyur, 22-11-30, on unspiked sandal, N. C. C., 9-III-30, 20-IX- 
30 (Plot 16), 17-VIII-30 (Plot 17), 7-VIII-30 (Plot 21); Jawalagiri, 
15-VII-30, 29-VII-30 (Plot 9). 

It must be near G. rocasolanoi Navas which has the antennae dark 
on basal part, but that species is said to have a mark on the basal joint 
of antennae, several of the veins are dark, and moreover Navas figures 
the cells near base of fore wing showing the seoond cubital cell small and 
remote from the radius; his figure of the pronotum is also too long for 
C. cymbde. 


Ascalaphidae. 

1. Suphalomitus verbosus Walker. 
Fraserpet, 24-Y-30.' 

Total: 18 species of Neuroptera. 


M GIPO—M—III -2-88—23■ 0 -33—600. 



INDIAN FOREST RECORDS 


VoLXVmj 1933 [PartVn 


ENTOMOLOGICAL INVESTIGATIONS ON THE SPIKE 
DISEASE OF SANDAL (10). 

"MELASIDAE AND ELATERIDAE (COL.). 

BY 

E. FLEUTIAUX, 

Nogent-sur-Marne , France. 

[ The fifty species of Melasidae and Elateridac listed in this paper 
were taken in the course of the Forest Research Institute Survey of the 
insect fauna of sandal, Santalum album Linn, in the districts of Coorg and 
North Salem, Madras, South India. The beetles abundantly frequent 
the foliage of sandal in both healthy and spiked condition, but there is no 
evidence on which they can be included among the suspected vectors of 
spike disease. Thirty-three species occur in Coorg and thirty-two in 
North Salem. 

The localities mentioned are :— 

COORG : North Coorg Forest Division, within five miles of Fraserpet, 
elevation about 2,770 feet, Sample Plots, Nos. 1 to 7. 

MADRAS: North Salem Forest Division; within four miles of 
Aiyur, elevation about 2,850 feet, Sample Plots, Nos. 15 to 21 ; Denkani- 
kota, elevation about 2,900 feet; Jawalagiri, elevation about 3,050 feet, 
Sample Plots, Nos, 8 to 14 ; Noganur, elevation about 2,900 feet; Udupa- 
rani, elevation about 3,090 feet. 

For further particulars of the collecting stations of the survey see 
Indian Forest Records, Vol. XVII, Part IX . . C. F. C. B.) 


Note, —This paper is published in French at the author’s request. 


£ 
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MELASIDAE. 

Gen. Dromaeoltu. 

Kiesenwetter, Nat. Ina. DeutechL, IV, 1868, p. 197. 

(Genotype: Eucnemis bamabita Villa, 1838.) 

1. D. angustissimus nov. sp. 

7 m/m £.—Allong4, tr4s 4troit, att4nu4 aux deux extr4mit4s; noir 
brillant; pubescence 14g4re, grise but la moitid ant4rieure, obscure au 
deli. Tete dens4ment ponctu4e, fortement car4n4e au milieu; orites 
surantennaires r4unies au milieu, 4pistome trie 4troit, subcar4niforme 
& la base. Antennes noires, ne d4passant pas la base du prothorax ; 3e 
article plus long que le suivant. Pronotum notablement plus long quo 
large, paraMe, r4tr4ci aux angles ant4rieurs, deprim4, fortement sillonn4 
au milieu en arriire, peu dens4ment ponctu4, plus 14g4rement en avant. 
Elytres graduellement att4nu4s, d4prim4s a la base, de chaque c6t4 
de l’4cusson, non stri4s, assez dens4mcnt et finement ponctu4s, 
plus 14gerement en arriere. Dessous et pattes noirs. 

Ressemble beaucoup a D. montanus Fleutiaux, d’Assam; mais 
plus 4troit; epistome subcar4niforme k la base ; pronotum beaucoup 
plus long ; 41ytres non rugueux k la base ; antennes et pattes noires. 

Un seul exemplaire. 

Cooeg : Fraserpet, 2-IY-31, plot 7 (1 ex.). 

Gen. Porraulacus. 

Fleutiaux, Arm. Mus. Civ. Genova, 1896, p. 567. 

(Genotype: P, submarginalis Fleutiaux.) 

2. P. santali nov. sp. 

4 a 4 m/m 1. —Allong4, convexe, att4nue cn arriere ; noir mat; pub¬ 
escence grise sur la moiti4 ant4rieure. Tete convexe, tris dens4ment 
ponctuee; cretes surantennaires r4unies sur la base de l’4pistome; 
4pistome un peu plus etroit en arriere que la crete surantennaire, tres 
4Iargi en avant; bord ant4rieur sinu4. Antennes noires, filiformes, 
ne d4passant pas la base du pronotum; 3e article plus long que le sui¬ 
vant. Pronotum plus long que large, parallile, arrondi en avant, con¬ 
vexe, formant un lobe saillant en 4peron au milieu de la base, fortement 
rugueux. Elytres att4nu4s, convexos, fortement rugueux en avant, 
moins en arriere, distinctement stries a la base seulement. Dessous 
noir. Propectus a ponctuation forte et serr4e ; sillons antennaires assez 
larges, nettement limit4s, peu profonds, ponctu4s, peu 41oign4s du bord 
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lateral en avant, le rejoignant en arri&re. M6taatemum et abdomen 
finement et dens4ment ponctu^a. Epigtemes metathoraciques sub- 
paralleles, plus droits que lea 6pipleures des 61ylres. Handies postdi- 
eures 41argies en dedans; bord postdieur sinu6; bord extern© plus 
large que les 6pistemes. Dernier arceau ventral largement comprim6. 
Femurs noire; tibias brans; tarees plus clairs, 4e artide dilate en 
dessous. 

Tr£s remarquable par sa forme 6troite et allong6e qui le fait ressembler 
4 un Dromaeolus ; sa convexity et sa forte rugositfi, le distinguent en 
outre des esp&ces du genre dejk connues. 

Cooro : Fraserpet, I-II-31, plots 4, 6 (2 exa.). 

Gen. Balistica. 

Motachulaky, Bull. N&tur. Moscou, 1861, 1, p. 116. 

(Genotype: B. picipes Motschulsky.) 

3. B. picipes. 

Motschulsky, lor. cit.; p. 116, t. 9, f. 7—Bonvouloir, Mon. Khcii.: 1872, p. 611, 
t. 25, f. 7. 

Fraserpet, 17-IX-30, plot 6 (1 ex.). 

Gen. Dirhagns. 

Latreillc, Ann, Soc. Ent. France, 1834, p. 130. 

R.g. Rhampim Hampe, Verb. Zool. Bot. Wien, V, 1855, p. 256. 

(Type: Burnt mis sahlbcrgi Mannerheim, 1823 —tinnamontevs Hampe.) 

4. D. indicas nov. sp. 

7m/m.—Allong6, subparallele, convexe ; bran rougeatre ; pubescence 
jaune legere. Tete superficiellement ponctuee, biimpressionnfe entre 
les yeux ; eretes surantennaires interrompues sur la base de bepistome ; 
epistome plus large on arriere que la Crete surantennaire. Antennes 
ferragineuses; 3e article beaucoup plus long que le 4e; suivants serri- 
formes. Pronotum aussi long que large, l<$gerement rferfei en avant, 
largement arrondi au-dessus de la tete, convexe anterieurement, graduelle- 
ment dfelive en arriere, faiblement asillonne au milieu ; ponctuation 
ombiliquee, serrfe; angles posterieurs brievement carenes; crochet 
de la carene marginalo du bord anterieur court. Elytres longs, parallfeles, 
arrondis au sommet, finement et peu densement ponctufe, substrife. 
Dessous de memo couleur. Impressions antennaires feroites, lisses, 
brplantes, parallels en avant, dlargies a la base. Carfene latfeale entire. 

B % 
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Epistemes m4tathoraciques subparalldes, ISghrement plus 6troits en 
avant. Handles post6rieures dargies en dedans. Pattes ferrugineuses. 

Bessemble a D. le/wisi Fleutiaux, du Japon; pronotum non 
brusquement d4clive en arrive, cardie mMiale post4iieure indistincte ; 
ponctuation moins serr4e, non rugueuse. Elytres plus 16gfcrement 
strips, plus finement ponctu6s, non replies en dessous au sommet. 
Cardie lat&rale du pronotum entire. 

Un seul exemplaire. 

Madras : North Salem, Jawalagiri, 22-IV-30. 

ELATERIDAE. 

Gen. Adelocera. 

Hyslop, Proc. Un. St. Nat. Hist., 58, 1921, p. 62?. 

(Genotype : Elater ovalis Germar, 1824,) 

Lacon auotores. 


1. A. abrepta. 


Lacon abreptus Oand^ze, Ann. Soc. Ent. Belgique, 1893, p. 170. 

Lacon delesaerti Candeze, Elat, nouv., Ill, 1881, p. 9 (M£m. Soc. Boy. So. Li&go 
2, IX). 

Fraserpet, IV-30 (4 exs.), V-30 (5 exs.), VI-30 (3 exs.), XI-30 (1 ex.) 
plot 1. 


2. A. pistoria. 


Lacon pistorim r Cancleze, Ann. 800 . Ent. Belgique, 1893, p. 171. 

Fraserpet, IV-V-30 (2 exs.), IV-3I (1 ex.) plot 7. 

3. A. muscosa. 

Lacon muscosus Cand&ze, Ann. Soc. Ent. Belg., 1893, p. 170. 

Fraserpet, 22-V-30 (1 ex.). 

4. 1 A. transversa. 

Lacon tranwergus Candeze, Mon. Elat., 1, 1857, pp. 93 ct 123 (Mem. Soc. Roy. Sc. 
Liigc, XII). 

Aiyur, X-30 (1 ex.) plot 21,1-31 (1 ex.) plot 19; Jawalagiri, VI-30 
(4 exs.), VII-30 (1 ex.), 8-VIII-30 (1 ex.) plot 12, X-30 (1 ex.) plot 11, XI- 
30 (8 exs.) plots 9,11, i 2, 13, 14,17, 18, 
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5. A. lustrata. 

fsocon ludraiut Candtec, C. R. Soo. But. Belgique, I860, p. 149. 
Jawaiagir. V-30 (2 exs.), VII-30 (1 ex.). 

Gen. Brachylacon. 

Motachutoky, Et. Eat*, VII, 1858, p. 60. 

(Genotype: B. micrc>cepAa2«#Mot6ohul8ky..) 

6. B. microcephalus. 


Motaohulsky, loc . cit.—Lacon trifasciatus Cand&ze, Elat, nouv., 1864, p. 10 (M&m. 
Acad, Belgique, XVII). 

Fraserpet, 7-VI-30 {1 ex.). 

7. B. sp&rsus. 

Lac on epartrus Canddze, Kevis. Mon. Elat., 1874, pp. 49 et 85 (Mem. Soc. Rov. So. 
Li4ge, 2, IV). 

Fraserpet, 17-VIII-30 (1 ex.) plot 3 ; Jawalagiri, 8-VI-30 (1 ex.). 
Gen. Pericus. 

Cand&ac, Mon. Ekt.» I, 1857, pp. 20 et 167 (M6m. Soo. Roy. Sc. Liege, XII), 
(Genotype: P. nitidvs Canddze.) 

8. P. sanguinolentus. 

Cand&ze, Ann. Soo. Ent. Belgique, 1803, p. 172. 

Fraserpet, 11*11-30 (1 eat.). 


Gen. Trachylacon. 

Motsokulaky, Et. Eat., VII, 1858, p. 61. 

(Genotype: T . fulvtcollis Motachuleky.) 

9. T. santali nov. sp. 

5$ & 7 m/m.—Ovale ; noir; pubescence bicolore ; blanche et serr£e 
sur les cotes du pronotum et formant quelques petites mouchetures 
16g&res et une petite taohe tres apparente sur chacun, avant l’cxtre- 
mit4 ; rousse Bur les elytres, plus claire 4 la base et formant une tache de 
chaque oot4 de la suture au dela de la moiti6. Tete arrondie en avant, 
d6prim6e au milieu, dens&nent ponctuSe. Pronotum aussi long que 
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large parall&e, subdilat6 sol lesbords, anguleusement r6tr4ci dans le tiers 
ant6rieur, tres oonvexe au milieu, brusquement d4elive sur les 
coiAs, dens6ment ponctu6; bords extemes ondul6s; angles postArieurs 
aplatis, aigus, non divergents. Ecusson pentagonal, plan, incline, ponctuA, 
Elytres subelargis jusqu’a la moitie, notablement attAnuAs au dela, 
oonjointement ou isolement arrondis au sommet, densAment ponctuAs, 
trAs lAgerement substries. Dessous et pattes noirs ; tarses brun&tres. . 

Ressemble beaucoup a T. variegatus Schwarz; mais de taille plus 
grande; peut-etre faudrait-il le rapporter a l’Anigmatique T. fulvi'ottis 
Motschulsky, 1858. 

Madras : North Salem, Aiyur, V-30 (1 ex.), 1X-30 (1 ex.) plot 18, 
XI-30 (1 ex.) plot 19. 


Gen. Campsostemus. 

Latreiile, Aim. Boo. Ent. France, 1834, p. 141. 

(Genotype: Elater auratus Drury, 1773 —fulgent Olivier, 1790.) 

10. C. duponti. 

Hope. Ann. Mag. Nat. Hist., VIII, 1842, p. 454—Idem, Trans. Ent. Boo. London, 
III, 1843, p. 290—Cand^ze, Mon. Elat., I, 1857, pp. 342 et 349 (Mem. Boo. 
Roy. So. Lidge, XII )—fovrolatus Gorrnar, Zeitaehr. Ent., IV, 1843, p. 103— 
iris Candoze, loc. cit . 

Aiyur, V-30 (4 exs.), 28-V1-30 (3 exs.) on unspiked sandal, N. C. C.; 
Jawalagiri, V-30 (2 exs.), 7-VI-30 (1 ex.), VI-30 (3 exs.) on spiked and on 
nnspiked sandal, N. C. C., 13-V-30 (1 ex.) on Dodonaea viscosa, N. C. C.; 
Noganur, 23-V-30 (1 ex.); Uduparani, 30-V-30 (2 exs.). 

11. C. latreillei. 


Guerin, Voy. Delesnert, Hist. Nat., li, 2, 1843, p. 37 —guerim Candoze, Mon. Elat., 
1, 1857, pp. 342 el 351 (M6ni, Soc, Roy. So, Liege. Xll). (neo lair et l lei Germar, 
1843). 

Denkanikota, 19-VI-30 (1 ex.). 

Gen. Singhalenus. 

Candoze Mon. Elat., II, 1859, pp. 9 ot 43 (M6m. Boo, Roy. Bo. Liege, XIV). 
(Genotype: 8, taprobanicus Cand&ze.) 

12. S. taprobanicus. 

Candoze, loc, cit,, p. 44.—Fientiaux, Ann. Boo. Ent. France, 1905, p. 321. 

Fraserpet, 16-IV-30 (2 exs.), V-30 (2 exs.); Aiyur, IV-30 (5 exs.), 
V-3 (80 exs.), VII-30 (1 ex.) plot 21, X-30 (1 ex.) plot 17; Jawalagiri, 
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IV-30 (2 exs.), 10-IV-3O (1 ex.); Noganur, 26-V-30 (3 exs.); Uduparani, 
Sl-V-30 (1 ex.). 

13. S. rubigmosus. 

Cancteze, loc ♦ cil. f pp. 44 ot 45. 

Aiyur, V-30 (1 ex.). 


Gen. Adiaphorus. 

Candezo, Mon. Elat., II, 1859, pp. 9 et 47 (M£m. Soc. Roy. So. Li4ge XIV). 

(G&iotype: gracilicomis Cand^ze.) 

14. A. gracilicomis. 

Cand&te, he. cit.> p. 47—Schwarz, Deutsche Ent. Zoitsehr., 1901, p. 17. 

. Fraserpet, IX-30 (1 ex.) plot 6, X-30 (1 ex.) plot 7. 

15. A. ponticerianos. 

Canddze, he. cit. f p. 47, t. 2, f. 4—Fleutiaux, Ann. Soo. Ent. France, 1905, p. 321* 

Fraserpet, 14-11-30, (1 ex.) on unspiked sandal, N. C. 0., III-30 
(1 ex.), IV-30 (3 exs.), 7-VIII-30 (1 ox.) plot 7,6-IX-30 (1 ex.) plot 2. 

Gen. Heterocrepidius. 

Guerin, Mag. Zool., 1838, p. 23. 

(Genotype: ventralis Guerin.) 

16. H. altematus nov. sp. 

10 k 1L m/m.—Allonge, subparallele ; brun ; pubaodKv grise, 
nioiree sur le pronotum, plus epaisse sur les interstries pairs des elytres, 
I’ete sillonn6e au milieu, fortement et rugueusement ponctu4e. Antemics 
longues, robustes, depassant la moitie du corps, brun ferrugineux, 2e 
et 3e articles tres courts, globulcux; suivants plus larges cfc beaucoup 
plus longs. Pronotum plus long que large, pou rctreci en avaut, sinu4 
lat6ralement, fortement ponctu6, silloime au milieu en arriere; angles 
posterieurs aigus et divorgents. JBousson arrondi on arriere. Kytres 
plus larges que lo prouotum, a peine retrecLs cn arriere, arrondis au 
Bommet; stries-ponctu6s; interstries pairs densement pubeseeuts. 
Bessons et pattes bruns; tarses plus clairs. 

Voisin de H, contractus Candeze; plus robuste, tre. reconnaissable 
a la pubescence dos Elytres plus dense sur les interstries pairs. Jc le 
possede du sud du Mysore, des ebasses de H. L, Andrewes. 

Cooao: Fraserpet, 5-IV-30 (1 ex.). 
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Gen. Monocrepidius. 

Eschscholtz, in Thom. Knt. Arehv; II, I, 1829, p. 31. 
(Genotype: M. pallipes Eschscholtz.) 


17. M. tenuis. 

Cand£ze, Mon. Elat., II, 1859, pp. 190 et 228 (M6m, Soe. Hoy, So. Li6ge, XIV). 

—Ficutiaux, Ann. Soc. Ent. France, 1905, p. 323. 

Jawalagiri, V-30 (1 ex.), VI-30 (1 ex.). 

18. M. fuscus nov. sp. 

8 m/m J.—Allonge, peu oonvexe; noir teme; pubescence rousse. 
Tete peu convexe, densdment ponctude. Antennes fines, brunes, ne 
ddpassant pas la base du protborax. Pronotum beaucoup plus long que 
large, parallels, arrondi aux angles antdrieurs, peu convexe, faiblement 
sillonne au milieu en arriere, densdment et nettement ponctud; angles 
postdrieurs a peine divergents, aigus, unicardnds; limites latdrales 
entidres, inflechies en avant. Ecusson arrondi, plan, ldgdrement ddclive, 
finement et densdment ponctud. Elytres peu oonvexes, faiblement 
arrondis et rdtrdcis en arriere, strids-ponctuds; interstries plans et 
finement ponctuds. Dessous brunatre, plus clair sur l’abdomen pattes 
testacdes. 

Eappelle M. monachus Candeze ; pronotum plus long, plus paralldle ; 
dlytres plus courts; handles postdrieures plus brusquement dlargies en 
dedans. 

Un exemplaire. 

Cooro : Fraserpet, 3-XI-30 (1 ex.) plot 4. 

Gen. Megapenthes. 

Kieeonwotter, Nat. Ins. Deutshl. IV, 1858, pp. 229 et 358. 

(Genotype : Elaler lugenx Kedtonbaeher, 1842.) 


19. M. modestus. 

CanrtOie, Mon. Elat., II, 1859, pp. 493 et 507 (M6m. Hoc. Roy. 8c. Liege, XIV). 

Fraserpet, VI-30 (2 exs.); Aiyur, 27-VII-30 (2 exs.) plot 17, 9-VII-30 
(1 ex.); Jawalagiri, 25-V-30 {1 ex.), 6-VI-30 (1 ex.) 

Gen. Melanoxanthus. 

Germar, Zeitsohr. Ent., V, 1844, p. 191. 

(Genotype: Elater melanocephalus Fabriciue, 1781.) 
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20. M. meltmocephalus. 

Winter mefamcephalus Fabricius, Spec. Ins., 1781, p, 2’72—Mdanoxanthus melano - 
ctph<d%8 Cand&ze, Mon. Elat,, TI, 1859, p. 512, t. 7, f. 12—Sohwarz, Deutsche 
Ent. Zeitechr., 1901, p.. 17—Fleutiaux, Ann. Soo. Exit. Franco, 1905, p, 323. 

Jawalagiri, 26-VI-30 (1 ex.), Cosmopolite tropical. 

21. M. horni. 

Sohwarz, Deutsche Ent. Zeitsohr., 1901, p. 26, 

Aiyur, 12-VI-30 (1 ex.). 

22. H. lugubris nov. sp. 

6 m/m —AllongA att£nue en arriere, convexe; noir mat; pube- 
scenoe noire. Tete carenee au milieu ; ponctuation forte, serree, rugueuse. 
Antennes noires, epaissios vers le bout, ne depassant pas la base du 
prothorax. Pronotum beaucoup plus long que large, parallele, arrondi 
aux angles ant&ieurs, convexe, brusquement declive a la base ; ponctua¬ 
tion forte, serree, ombiliquee ; angles posterieurs aigus, non divergent*!. 
Ecusson triangulaire, perpendiculaire. Elytres moins larges que le 
pronotum, at tenues en arriere. convexes, brusquement declives a la 
base ; rugueux, plus fortement en avant, stries-ponctu&i; interstriea, 
plans. Dessous et pattes noirs. 

Enticement noir comme M. granum Candeze ; beaucoup plus allonge 
et plus rugueux ; tete carenee au milieu. 

Cn seul exemplaire. 

Madras : North Salem, Jawalagiri, ll-V-30 (1 ex.). 

23. M. sanguinicollis. 

Schwarz, Deutsche Ent. Zeitschr., 1902, p. 325. 

Aiyur, V-30 (6 exs.), V-31 (1 ex.) plot 20, VI-30 (1 ex.), VI-31 (1 ex.) 
plot 19, VII-30 (2 exs.), Jawalagiri, VI-30 (1 ex.), VI1-30 (1. ex.). 

vari6te thoracicus nov. 

Bande noire sur le milieu du pronotum n’atteignant pas la base. 

Coorg : Fraserpet, 17-VII-30 (1 ex.). 

24. M. vitticollis. 

CandAze, Mon. Elat.., TI, 1859, pp. 512 et 517 (M£m. Soo, Roy, 8c. Li5ge, XIV). 
triviikdus Schwarz, Deutsche Ent. Zeitsohr., 1901, p. 27 ? (wee. M, vitUeoUs 
Motsehulslvy, Et. Ent., VIII, 1859, p. 56). 

Fraserpet, 7, 27-V1-30 (2 exs.); Aiyur, V-30 (3 exs.), VI-30 (1 ex.), 
VII-30 (1 ex.), VIII-30 (1 ex.) plot 20, 12-VIII-30 (1 ex.) plot 19. 
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26. M. andrewesi nov. sp. 

4 m/m. Ovale, peu convexe ; jaune, tSte noire en arrive; pro- 
notum aveo deux bandes longitudinales noirea au milieu et une taohe 
oblongue plus petite de chaque c6t4 pr4s du bord extemc ; 6cusson noir; 
dlytres orn6s chacun, au premier quart, d’un trait noix en forme de V, 
la seconde moiti6 est presque entierement noire aveo seulement une 
petite tacbe jaune pres de la suture au dernier quart, une plus grande 
pres du bord un peu au dessous et une autre tr&s r4duite tout & fait a 
I’extr4mit4. Tete convexe ; ponctuation ombiliqu4e, serree. Antennes 
noires, ferrugineuses & la base et au bout. Pronotum large, r4tr4ci 
et arrondi en avant; ponctuation ombiliquee, serr4e; angles post6- 
rieurs aigus, caren4s, non divergents. Elytres plus 4troits que le prono¬ 
tum att4nu4s en arriere, rugueux, stri4s-ponctu4s. Propectus jaune ; 
mfitastemum et abdomen noiratres. Pattes testace pale. 

Differe de M. vitticollis Candeze, par le pronotum orne de quatre ban¬ 
des noires et le dessin des elytres different. Dodie a H. L. Andrewes 
qui l’a capture k Anamalai. 

Goorg : Fraserpet,17-V-30 (1 ex.). 

Gen. Arhaphes. 

Candeze, Mon. Elat., II, 1859, pp. 62 et 98. 

(Genotype: A. dvptychux Candeze.) 

26. A. lineicollis nov. sp. 

5 k 7| m/m.—Allonge, cylindrique ; noir mat, aveo une ligne medians 
sur le pronotum et une tacbe aux epaules, ferrugineuses; pubescence 
jaune. Tete deprimee, rugueuse; bord anterieur transversal. An¬ 
tennes brunes. Pronotum plus long que large, presque parallels, tres 
faiblement arrondi lateralement, convexe et densement rugueux; bord 
anterieur largement arrondi et 14g6rm >nt relev4; angles post4rieurs 
droits, apiatis tout a fait au sommet. Elytres parallels, arrondis a 
1’extremite, rugueux, fortement stri4s-ponctu4s. Dessous de meme 
ennleur noire, assez fortement et peu dens4ment ponctu4; sutures 
prosternales a peine distinctes, Hancbcs post6rieures 16gerement 
61argies en dedans. Pattes testate pale. 

La coloration est assez variable ; elle est parfois d’un bran rougeatre ; 
parfois aussi, la taebo bumerale fait defaut. Itessemble beaucoup 
k A. bivittatus Fleutiaux, mais sa rugosite est moins grosaiere, plus r4- 
guliere, plus serr6e. 

Coorg : Fraserpet, V-30 (9 oxs.), VI-30 (7 exs.), 1X-30 (2 exs.) plots 
5, 7, X-XI, (2 exs.) plot 5. 
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Gen. Cardiophorus. 

Bsehsoholtss, »»Thom. Ent. Arehiv, 1J, 1,1829, p. 34. 

(Q6notype: ElaUr gramineus Scopoli, 1763.) 

27, C. albomaculatus nov. sp. 

1 m/m —Elliptique ; noir brillant avec deux taches transver- 
sales 6burnees sur chaque 41ytre ; une au premier tiers, plus large en 
dedans du 4e interstrie au bord exterue ; I’autre au tiers post6rieur, du 4e 
au dernier interstrie ; pubescence obscure, grise sur la base du pronotum, 
celle des elytres et sur Its taches. Tete Jegerement convexe, arrondie 
en avant; ponotuation fine et peu serr6e. Premiers articles des anten- 
nes noirs (les autres manquent). Pronotum aussi long que large, sinu6 
sur lcs cot6s, arrondi et peu retreci en avant; convexe; ponctuation 
fine et 6cartee. Elytres attenu6s, ponctu6s-stri6s; interstries plans, 
tres finement pointings. Dessous egalement noir; pubescence grise. 
Limites laterales du pronotum inferieures, non sinueuses, bien mar¬ 
quees, efiacees en avant. Ponctuation des propectus large, superficielle, 
6cartee ; fine et plus serr6s sur le metasternum, tres dense sur Pabdomen. 
Hanches post6rieures sinueuses, mod6r6ment 61argies en dedans. Pattes 
noires. 

Un seul exemplaire. Ressemblc beaucoup k C. quadrillum Candeze 
(type : Almorah); mais de forme plus courte ; ponctuation du pro- 
pectus large, peu marquee et ecartee ; taches des Elytres transvorsales, 
pattes plus noires. 

Coorg : Fraserpet, 23-IX-30 (1 ex.). 


28. C. pallipes. 


f EhiUr pallipes Ffthrioins, Mant. Ins. i, 1787, p. 174— Mom, Ent. Syst., 1, 2, 
1792, p. 231- Jtlom, Syst. Klcnth., 11, 180], p. 24 l~ Erudition, Zeitschr 
Rut., 11, 1840, p. 30f»~-Gant!o/.e, Mod. Elat., Ill, I860, pp. 117 el< 171, t. 3. 
f. 18 (Mom. Roe. Hoy. Sc. Liege, XX) —Schwarz, Deutsche Ent. Zeitschr., 
1901, p. 18. 

Fraserpet, 5-XI-30 (1 ex.) plot 6; Uduparani, 28-1-30 (1 ex.) at 


subgen. Paracardiojyhorus. 

Schwarz, Deutsche Ent. Zeitschr., 1895, p. 40. 

(Type: Cardiophorus musculus Kriehson, 1840.) 

29. C. fuscipennis. 

Horittonntus fvseipevnis Oandezt, Mon. Elat., HI, 1860, pp. 247 et 268 (Mem. 
Soc. Hoy. Sc. Li6gc, XV). 

Fraserpet, 14-VI-30 (1 ex.); Jawalagiri, 9-VIII-30 (1 ex.) plot 13. 
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30. C. minutus nov. sp. 

3 m/m.—Oblong ; brun noiratre, extremite des angles postdrieurs du 
pronotum et deux grandes taches jaunes sur chaque 61ytre ; une 4 
l’^paule, l’autre a ]’extremite; pubescence grise. Tete large, peu 
convexe, arqu6e en avant; ponctuatiou assez grosse, peu serrfie. An- 
tennes testacies. Pronotum transversal, convexe; ponctuation assez 
grosse et espac6e. Elytres 16gerement attenues, lortement ponctu6s- 
stries; interstries plans. Dessous noiratre; ponctuation grosse et 
espac6e. Limites laterales du pronotum abr4gees en avant. Hanches 
postferieures graduellement Margies. Pattes testae6es pales. 

Un seul exemplaire. Plus petit que C. fusaipennis Oandeze ; noir ; 
taches jaunes tres apparentes sur les Elytres; peu convexe; pronotum 
transversal; ponctuation espaoee. 

Madras : North Salem, Uduparani, 30-V-30 (1 ex.). 


Gen. Dicronychus. 

Brulle, Expl. Moree, 1832, p. 138 (nee Cartehat', 1840). 
(Genotype: 1). obesus prullt '—? Klater nnereus Horbst, 1784.) 


31. D. pictipennis. 

Cardiopkorus pidipennis Schwarz, Deutsche Ent. Zcitschr., p. 333. 

Fraserpet, 15-IX-30 (1 ex.) plot 4; Aiyur, 6-XI-30 (1 ex.) plot 19; 
Jawalagiri, IX-30 (1 ex.) plot 9, X-30 (3 exs.) plots 9,12, 13, XI-30 (1 
ex.) plot 10. 


32. 0. lepidus. 

Cardiophorvs lepidus Candle, Arm. Soc. Ent. Belgique, 1893, p. 170. 

Aiyur, 12-VI-30 (1 ex.). 


33. D. lacertosus. 


Cardiophorue lacertosus Erichson, Zeitschr. Ent., 11, 1840, p. 310—Camlc/.e, Men. 
Elat., Ill, 1800, pp. 120 et 205 (Mem. Soc. Hoy. Sc. Ltfge, XVHFleutiaux, 
Ann. Soc. Ent. France, 1905, p. 328. 

Fraserpet, Y-30 (5 exs.), Vl-30 (5 exs.), VII-30 (4 exs.), IX-30 (2 
exs.), IX-30 (2 exs.) plots 3, 4, 11-31 (1 ex.) plot 3; Aiyur, 1-31 (2 exs.) 
plots 15, 16, VI-30 (1 ex.), IX-30 (2 exs.) plot 15, X-30 (2 exs.) plot 18, 
XI-30 (3 exs.) plot 21, XII-30 (5 exs.) plots 18, 20; Denkanikota, 18- 
VI-30 (1 ex.); Jawalagiri, VI-30 (4 exs.), IX-30 (2 exs.) plot 10, X-30 
(1 ex.) plot 10, XI-30 (2 exs.) plots 9, 12. 
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vari6t6 bigeminatus. 

Cdrdiophorus bigtminatug Candtae, Ann. Roc. Ent. Belgique, 18!>3 i>. 17<>. 

Fraserpet, 6-1-31 (1 ex.) plot 6, 

34. D. ccmtemptus. 

Catdiophorus cmUmptus C&ndtae, Mon. Elat., 133, UfO, if. 321 cl WZ (Mtir. 

Soc. Roy. Sc. Li&ge, XV)—Fleutiaux, Ann. Soc. Fnt, France, !£05, \\ 328. 

(nee Candle, C. R, Soc. Ent. Belg., 1890, p. 154—Idem, Ann. Soo, 
Ent, Belgique, 1892, p. 492). 

Fraserpet, V-30 (1 ex.). 

35. ©• densepunctatus nov. sp. 

6 k 6| m/m.—Allonge, subparallele ; noir, avec une bande jaune 
ttroite sur le milieu des elytres, bien apparente a la base, efface m 
arriere ; pubescence grise. Tete peu convexe, finement et dens&ment 
ponctu^e ; bord anterieur largement arrondi et etroitement reborde. 
Antennes noires, greles, ne depassant pas la base du prothorax. Piono- 
turn aussi long que large, sinu6 sur les cot6s, un peu moins large en 
arriere, convexe, cribl6 de points serres bicn marques; sillons basilaires 
tres courts. Elytres forlement ponctues-stries; interstrios finement 
chagrin6s. Dessous noir. Pattes noires, ferrugineuses aux articula¬ 
tions. 

Kessemble k I), heertosus-bigemincites ; taille plus grande ; bande 
jaune des elytres moins rapprochee de la suture ; pronotum crible de 
points profonds et tres serres; antennes et pattes noites. 

CoOR<* : Fras'upet, 17, 21-V-30 (2 exs.) on unspiked sandal, N. C. C # 

Madras : Jawalagiri, 13-V-30, (1 ex.) on spiked sandal N. C. 0. 

30. D. multus nov. sp. 

7 a 10 m/m.—Allonge, brun noir brillant; pubescence grise. T6te 
presque plane, irr^gulierement criblee de points assez gros, arquee et 
rebordee en avant. Antennes fines, ferrugineuses, ne depassant pas la 
base du prothorax. Pronotum aussi long que large arque sur les cot6s, 
arrondi en avant, redress^ en arriere, peu convexe, cribl6 de points 
assez serres; sillons basilaires bum marques. Elytres subparalleles, 
arrondis et r6tr6cis (au dela de la moitie) fortement stri6s-ponctues ; 
interstries pointings. Dessous de memo couleur. Limites lat^rales du 
pronotum inf^rieurcs, effacees en avant, Pattes ferrugineuses; griffes 
foi tement denies, 
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Ressemble k D. contemptus moms feroit; pronotum moms long, 
ponctuation plus 6gale et mieux marquee; griffes plus fortement denies. 

Fraserpet, VI-30 (1 ex.); Aiyur, ll-IX-30 (1 ex.) plot 17 ; Jawalagiri, 
VIII-30 (1 ex.) plot 12, IX-30 (5 exs.) plot 8, IX-30 (2 exs.) plot 11, 
X*30 (3 exs.) plot 10, (3 exs.) plot 12, (1 ex.) plot 13. 

37. D. saatali nov. sp. 

6 \ a 7 m/m —Allongfi; brun ferrugineux rembruni sur le dos du 
pronotum; pubesoence grisatre 16gere. Tete oonvexe arroudie et 
rebordfe en avant, finemeat et densfenent ponctufe. Antennes fines, 
ne d^passant pas la base du prothorax, ferrugineuses k la base, noiratres 
au deli. Pronotum aussi long que large, peu rferfei en avant, sinu6 
latfealement, convexe, finement et densfenent ponotu6 ; sillons basilaires 
peu marqufe. Elytres convexes, r6trfeis en arrive au delft de la moitiS, 
fortement ponctufe strips ; interstries plans, finement pointillfe. Dessous 
noiratre, parfois ferrugineux sur le propectus et sur l’abdomen. Limites 
Iat6rales du pronotum inffeieures, enti&res. Pattes ferrugineuses; 
griffes fortement dentfes. 

Madras : North Salem, Aiyur, X-30 (1 ex.) plot 21, 1-31 (1 ex.) 
plot 20 ; Jawalagiri, IX-30 (1 ox.) plot 10, IX-30 (2 exs.) plot 11,27-IX-30 
(1 ex.) plot 13, IX-30 (1 ex.) plot 14, X-30 (1 ex.) plot 11. 

38. D. tristis nov. sp. 

8 m/m |.—Allong6, convexe; noir; pubescence gris legere. Tote 
oonvexe, arqufe et rebordfe en avant, finement et trfe densfenent 
ponctufe. Antennes greles, noiratres, ne d^passant pas la base du 
prothorax. Pronotum aussi long que large, bombe et dlargi en avant, 
rferfei on arriere, finement et tres denseinent ponctu6 ; sillons basilaires 
bien marqufe. Elytres subcylindriques, retrfeis et arrondis dans le 
dernier tiers, fortement ponctues-strife ; interstries convexes et finement 
ponctufe. Dessous noir. Limites latfeales du pronotum inf6rieures, 
effacfes prfe du bord anterieur. Pattes noiratres; griffes fortement 
dentfes. 

Se distingue de D. santali par sa forme subcylindrique, sa couleur 
noire, son pronotum bombe et elargi en avant, sa ponctuation mieux 
marqufe. 

Madras : North Salem, Denkanikota, V, VI-30 (2 exs.). 
variate sanguineus nov. 

6 m/m.—Pronotum sanguin, obscurci sur le dos en avant. 

Madras : North Salem, Jawalagiri, 5, V-31 (1 ox.). 
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Gen. Agonischius. 

Cftnddze, Mon. Elat., IV, 1863, pp. 284 et 407 (M6m. Soc. Roy. Sc. Liege, XVII). 
(Genotype: A . pectoral** Candize.) 

39. A. minis. 

Gandtae, loe. eit., pp. 409 et 412. 

Jawalagiri, l-IX-31 (1 ex.). 


40. A. cardiorhinulus. 

Candtee, loe. til. pp. 410 et 424. 

TTraseroet IV V-30 (2 cxs.); Aiyur, III-30 (1 ex.), V-30 (7 exe.), 
18-V-30 (Ur’.) on unspiked sandal, N. C. C., V-31 (1 ex.) plot 2<b VI-30 
(2 exs.), VII-30 (1 ex.); Jawalagiri, IV-30 (3 exs.), V-30 (3 exs.); Noganur 

V-30 (4 exs.). 


41. A. prymneus. 


Candeze, loe. eit., pp. 410 ct 424. 
Fraserpet, 29-V-30 (1 ex.). 


42. A. pumilus. 

Candle, Ann. Soc. Ent. Belgique, 1893, p. 178. 

Aiyur, V-30 (1 ex.), V-31 (1 ex.) plot 15. 


43. A. indicus nov. sp. 

7 m/m l -Allonge bleu-violet fonc6 metallique ; pubescence noire, 
me l punctuation espac6e. Antennes noires, ne d^passant pas la base 
du protborax, comprint et serriformes a partir du 4e article, Margies 
vers P le bout; 2e et 3e articles etroits et de m&me forme, lc 3e plus long. 
Pronotum aussi long que large, retreci en avant, convexe, ponctufi sur le 
bord en avant, presque lisse en arriere, avec des points espaefe extreme- 
ment fins; angles posterieurs courts, aigus, non divergent. Elytres 
parables arrondis a l’extremit4, convexes, 14gerement stnes-ponctu4s. 
Dessous de m4me couleur sauf 1’abdomen ferrugineux. Pattes noires. 

Parfois, soul le dernier arceau ventral est fcmigmeux. 

Ressemble a A. Migaeem Candese, de Borneo. Je le possible de 
Niloiri Hills (H L Andrewes) et le Musee de Debra-Dun en contient des 
It Cbakata Range, Haldwani, U. P. (S. N. Cbattcrjee). 

Coorg : Fraserpet, 12-XI-30 (1 ex.) plot 6, 



46 



G«a. Qlyphotiyx. 



Candfae, Mon. Mat., IV, 1863, pp. *48 et 481 (MAm. Soc. Bey, fie. tBge, XVII), 
Qfinotype: 0. gundlachi Oandtee. 


44. 6. flavidtis. 

OuuMee, toe. eft., pp. *68 et *68. 

Fraserpet, 6-VJI-30 (1 ex.). 

Gen. Sileaig. 

Candle, Mon. Elat., IV, 1868, pp. 448 et 458. 

(Genotype: 8, kilaris CaadAze.) 

45. S. indiOQS nor. sp. 

5 4 5 m/m f-AllongA, subparaMe: noir brill ant; pubescence 
grise. Tfite convexe, assez fortement et densAment ponctuAe. An ten- 
nes testacies. Pronotum un pen plus long que large, legArement rAtrAci 
en avant, arrondi aux angles antArieurs, convexe, ponctuA comme la 
tete sur les cotAs, plus finement et moms densAment sur le dos; angles 
postArieurs aigus, non divergents, carAnAs; sillons basilaires bien 
marquAs. Elytres trAs faiblement rAtrAcis en arriAre, arrondis au 
sommet, convexes, striAs-ponctuAs; interstries finement pointillAs. 
Dessous noir, finement ponctuA. Pattes testacAes. 

Elytres parfois brans. 

Ooobg : Fraserpet, IV-30 (2 exs.), V-30 (3 exs.), VI-30 (1 ex.), 

Madras : North Salem, Aiyur, XI-30 (1 ex.) plot 20, XII-30 (1 ex.) 
plot 17. 


Gen. Plectrostemus. 

Laoordairo, Gen. Col., IV, 1867, pp. 224 et 227. 
(Genotype: P. rufua Laoordaire.) 


46. P. rufus. 


Lacordaim, he, cit, t pp. 228—Candle, Elat., IV, 1803, p. 483, t. 0, t, tV» 

Schwarz, Deutsche Ent. Zeitschr., 1901, p. 18, 

Fraserpet, 12, 30-VI-30 (2 exs.). 
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ENTOMOLOGICAL INVESTIGATIONS ON THE SPIKE 
DISEASE OF SANDAL (11). 

THE LIFE-HISTORY AND MORPHOLOGY OF SARIMA 
NIGROCLYPEATA, MEL 

Fulgoridae (Homopt.). 

BY 
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Branch of Forest Entomology , Forest Research Institute , Dehra 

Dun . 


IN Tit ODUOTOE Y . 

This paper embodies in part the results of an investigation con¬ 
ducted in North Salem, North Coorg, and Vellore forest divisions, 
oil the entomology of the spike disease of sandal (Santalum album), 
taken up by the writer under the direction of the Foiest Entomo¬ 
logist, 

The Indian Fulgoridae have been very seantlv studied, and with 
the exception of Misru’s work (8) on the sugarcane leaf-hopper, 
PyriHa ahemms , Kirby, we know very little about the life-history 
and bionomics of the Fulgoridae of India. From an economic stand 
point the Fulgoridae must be counted injurious, as all the species 
so far known, are dependent upon growing plants for their food. 
Besides being pests of agricultural crops, fulgorids are incriminated 
in the transmission of various virus diseases. 
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Indian investigators regard the spike disease of sandal as duo to 
a virus. If the virus of spike disease is insect-borne, a permis¬ 
sible hypothesis is, that the vector is one of the dominant insects 
of sandal. With regard to the efficiency of the various groups of 
insects as vectors of virus diseases, Smith (12; f . 317-31S) writes 
‘ apart from three rather doubtful oases, biting insects (Coleoptera 
and Orthoptera) seem to be concerned in the dissemination of only 
three plant viruses, while all the rest are transmitted by sucking 
insects. Then, as regards sucking insects, in the Thysanoptera 
there appears to be only one authentic case of virus transmission by 
thrips with four others in which the connection is not definitely 
proved/ He further states * considering the aphididae, these are 
found to be responsible for the transmission of no less than twenty- 
seven plant viruses, in which twenty-three specieB of Aphis are 
concerned. The Aphididae then are undoubtedly the most efficient 
insect vectors of plant viruses \ * Next in efficiency come the 

Jassidae including Fulgoridae with seven viruses/ 

Studies on bionomics, distribution, incidence, and morphology 
of sandal insects restrict the consideration of the probable vectors 
of Spike disease to nineteen species of Homoptera, belonging to the 
families Aphididae, Jassidae, Fulgoridae and Cicadidae; to three 
species of Curculionidae, to three species of Thysanoptera (thrips); 
and to one species of Acarina (red spider). 

Most of the life-history studies were made during February, 
1930, to December, 1931, in the field at Denkanikota, in Hosur 
Taluk of the Salem district. From January, 1932, work was started 
in the Insectary provided by the Indian Institute of Science, 
Bangalore. Transmission experiments were also conducted with 
some of the selected probable vectors during the 1931-32 season* 
(April to March), and the results obtained will form the subject 
of a separate paper. 


1. Systematic Position. 

Melichar (6) has classified the sub-family Issidae into three 
groups, CALISCELIDAE, HEMISPHAERIDAE, and ISSIDAE, 
and the third group Issidae is further divided into three sub-groups 
(a) HYSTEROPTERINAE, ( b ) ISSINAE, (*) THIOFINAE. The 
genus Sarima belongs to the sub-group Thioninae. 
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2 . Economic Status. 

®hi« is one of the very common species of Fulgoridae found 
feeding on both healthy and spiked sandal trees in North Salem, 
Coorg, and Vellore forest districts of the Madras Presidency, and 
in the State forest areas lying between Hnnsur and Fraserpet, 
belonging to the Mysore Durbar. No previous record on the biono¬ 
mics of this species is available. During the course of field work 
and insectary experiments, it was discovered that the combined 
feeding of twenty-four adults and nymphs of Sarima nigroclypeata , 
caused the shedding of the entire foliage and the dying-back of the 
twigs and young shoots of a sandal branch in two months. A 
suppressed sandal plant at Jawalagiri under sleeve-experiments, 
was found dead within three months, due to the action of mass 
feeding by this species. S. nigroclypeata is injurious to sandal 
both as adult and nymph. 

As a consequence of the abnormal drain of sap from the plant, 
this species when feeding on sandal foliage and shoots checks the 
growth, and if its attack is prolonged and severe the foliage may be 
shed entirely, the young shoots may be killed back and thus the 
vitality of the tree reduced. The new flush that comes up after 
complete leaf-shedding caused by S . nigroclypeata , has been 
observed in certain eases to be short and clustered, but this condi¬ 
tion lasts for two to three months only. Like Petalocephala 
nigrilinea Walk , and others this is one of the species responsible for 
causing the general condition of stagheadedness {14) in sandal, seen 
in the sandal forests of South India. 

3. Distribution. 

Lanouli, Matheran, Bombay; (Melichar). Aiyur, Dasempatti 
Daverbetta, Hoganackal, Jawalagiri, Muttur, Nognoor, Uduparani, 
North-Salem Forest Division; Kottur-yelagiri, Vellore Forest 
Division; Madras; Fraserpet, North Coorg Forest Division; 
Chamundi Hill, Hunsur, Koppa, Periyapatna, Mysore; (Forest 
Research Institute). 


4. Food Plants. 

This species has been observed to feed and breed on the following 
plants: —Albizzia amara , Dodoncea viscosa , Erythroxylon mono - 
gywum, Lantana camara , Pterolobium inddcum , Santalum album , 
Scutda indica f Webera corymbosa . 
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Considerable difficulty was experienced at first, in rearing the 
sand&l fuigprida, in the building which served as insectary at 
Benfeanikota. After many trials the following method was found 
to be satisfactory. 

These insects did quite well inside tubes of 6"xl", the open 
end <of which was covered with a small piece of muslin. A small 
succulent sandal shoot, with one or two leaves, was introduced inside 
the tube as food. Owing to the condensation of moisture on the 
inside of the tube, due to the drying up of the shoot, the food was 
Changed every alternate day during September to January, and 
daily during other months, of the year. No difficulty was exper¬ 
ienced in dislodging the insects from the shoots or leaves- A slight 
shake brought them on to the sides of the tube, after which the old 
shoot was removed and the insects were carefully transferred to a 
clean tube with a fresh sandal shoot. Rearing inside tubes had the 
advantage that the insects could be examined with a hand lens 
without disturbing them much. Later sleeves 16" x 9" and cello¬ 
phane cages, 14" in length and 5" in diameter, supported on thin 
wire frame, covering a nine-inch-high sandal seedling grown from 
seed in a pot were used. The diameter of the cage was smaller 
than the diameter of the pot, and the space between the cage and 
the rim of the pot was utilised for watering the sandal plant, which 
did quite well. As the moulted skins are left sticking to the stem, 
or leaf, or are found on the ground, observations could be easily 
made and accurate records maintained, without disturbing the 
insects in any way. In this method, the disturbance caused by the 
first method 1 in the removal of the various stage nymphs from one 
tube to another, was avoided. As a check on the work in the 
laboratory, observations were recorded in the forest. Eggs, nymphs, 
and adults were sleeved on numerous sandal shoots at Aiyur, Ben- 
kanikota and Jawalagiri and their development watched at fre* 
quent but definite intervals. 


6, Habits. 

The* first stage nymph: on hatchings moves up and down for a 
short time over the shoot , of san dial, and then selects a spot on. the 
newrdeaves orum leaf bud; punctures the surface tissue, and begins 
to suck sap. Third, fourth, fifth stage 1 nymphs, and adults suck sap 
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from both green and suberised shoots j while the first and second 
stage nymphs feed on the fresh flush of leaves and sprouting, leaf 
buds very rarely on green shoots. Just the tip of the rostrum is 
inserted inside plant tissues while feeding, the rostrum penetrating 
at an acute angle. When leaves are not available, the younger 
nymphs die, The punctures made on shoot and leaf are very 
minute, almost imperceptible to the naked eye. Adults and 
nymphs feed da both healthy and spiked sandal, are delicate crea¬ 
tures, and are very active in their movements. They jump about 
from shoot to shoot, and plant to plant, and when approached move 
away quickly to the opposite side of a shoot or leaf. When alarmed 
the adults jump to a height of three feet, and the nymphs about 
eighteen inches. The flight of the adult is not strong, but it can 
fly short distances to reach adjoining plants. Adults and older 
nymphs rest on shoots, while younger nymphs rest on leaves and 
succulent shoots. The nymphs are provided with a pair of anal 
blushes, consisting of a number of wax bristles, which are banded 
black and white. They spread out these brushes fanwise, more 
particularly when they are about to moult. During the repeated 
process of spreading, the anal brushes wear out, break, drop off, and 
only short stumps projecting from the apex of the abdomen are left 
after a time. The nymphs have also the habit of carrying the anal 
brushes right over the back, and moving them sideways apparently 
to scare and drive away an approaching enemy. The products of 
digestion is a sweet transparent liquid, which is excreted in the 
form of a fine spray, with the apex of the abdomen tilted upwards. 
The honeydew occasionally accumulates on surfaces of leaves and 
shoots in small lumps. When freshly deposited the honeydew, 
imparts a shining appearance to leaves and shoots, which subse¬ 
quently become sooty black owing to the growth of a mould. This 
species is not gregarious. 


7. Copulation* 

Copulation takes place end to end, the heads of the male and 
female being away from each other and lasts for two to three hours 
during the day time. In some cases the period of copulation was 
found to exceed this time. The female after copulation, wanders 
over the plant to select a proper site for laying eggs, and the male 
either remains on the plant or jumps off to anothei plant. Copula¬ 
tion begins within ten days after the last moult, but may be 
delayed for more than a fortnight. 
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8. OvirosmoN. 

I'lie female begins to oviposit within a week of copulation and 
oviposition is followed by further mating. In captivity &*«ma 
nigroclypmta lays eggs by instalments, and the interval ^tween 
two successive instalments varies from five to sevep days. Exami- 
nation records of sleeved shoots in the forest indicate, that mating 
and oviposition goes on all round the year; so that females of the 
older generation may be ovipositing, when adults of a new br 
are emerging from the last moult. 

9. Site of Oviposition. 

The female oviposits on the bark of shoots, at the ^ 

and shoot, on the petiole of the leaf, on old and new leaf 'to*, 
and also on sprouting leaf buds. The eggs are never deposited 
inside plant tissue. The eggs are laid singly, rarely in clusters of 
three or four, distributed all over the branch, and are struck on the 
surface with a secretion. 


10. Incubation. 

The egg when freshly laid is dull white in color, which gradually 
becomes pale yellow on the seventh day. The color of the egg . 
changes to mixed pink and yellow on the tenth day, and & . 7 

attains a light pink color throughout on the fourteenth day. When 
about to hatch the pink embryo can be distinctly seen msi e 
egg shell. The body occupies just three quarters 
egg with two dark red spots, the future eyes of the first stage 
nymph at the cephalic end; the abdominal segments are clearly 
defined, and the long legs are seen sticking out at the sides. 

11. Duration of Incubation Period. 

Th. tim. take* to ft. <gp to hS *f ™ ‘ 

in April and June at a mean temperature of 80 F-82F, while 
the longest time was of twenty-five days in February-March at a 

, I 74°F The average of nineteen records is of 
mean temperature ol 74 a . me average roo__«oof 

214 days and the mode is of 23 days at a temperature of 68 -82 t, 
in practically all the months of the year. 

12. Hatching. 

The nymph emerges by making a slit at the side of the Jjwj 
the help of the third legs, which are provided with toothed tro- 
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chanters. By robbing the toothed trochanters against the chorion 
of the egg from within, a meso-metasternal suture is first made, 
and is further widened by the spines on the tibia and tarsus of the 
third legs. The first to come out from the egg are the head and 
rostrum. By moving laterally and also backwards and forwards, 
the yolk skin or membrane enclosing these parts, is gradually 
pushed down the abdomen and the legs till the body is entirely free. 

13. Different Stages in the Life-History. 

The nymph undergoes five moults during an average period of 
one hundred days and then becomes adult. Collecting on any day 
of the year on sandal plant, with yield almost all the stages of 
this species. The time spent in the different stages during the 
different months of the year is given below. 

First Nymphal Stage. 

The shortest time taken to moult from the first to the second 
nymphal stage was fifteen days in June at a mean temperature of 
80°F, while the longest time was twenty-four days in January at 
a mean temperature of 70°F. 

One nymph moulted in sixteen days in March at a mean 
temperature of 76°F, while three transformed in seventeen days 
during April, June, and July, at mean temperatures of 85°F, 80°F 
and 78°F respectively. Four individuals moulted in eighteen days 
at mean temperatures of 80°F, 78°F, 77°F, 70°F during June, 
July, September and December; and four moulted in nineteen days 
during February, July, August and December at mean temperatures 
of 74°F, 78°F, 79°F and 70°F. Four individuals moulted in 
twenty days during August, October and December at mean tem¬ 
peratures of 79°F, 77°F, 70°F; two moulted in twenty-one days 
in January, and August, at mean temperatures of 68°F and 79°F; 
while three moulted in twenty-two days during January, February, 
and December at mean temperatures of 68°F, 69°F, and 70°F. 

The average time of twenty-three records is 19'2 days, and the 
mode is 18 to 20 days, at mean temperature varying between 70°F 
to 80°F, in practically all monibs of the year. 

Second Nymphal Stage. 

The shortest time taken to transform from the second to third 
nymphal stage, was fourteen days during February—March, at a 
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■mean temperature af 78^; andihelongest time was tw«aty£fpur 
days during December—<Tunuary, at a mean temperature offifiOf 1 . 

‘Twenty-four individuals, took fifteen to twenty-three days to 
moultfrom the second to third stage, at mean temperature varying 
between 69°F—-86°F. The average time of twenty-six records is 
•lD'd days, and the mode is ID days, at mean temperature varying 
between 69°F—86°F, in practically all months Of the year. 

A 

Third Nymphal Stage. 

The shortest time taken to moult from the third to fourth 
nymphal stage, was sixteen days during April—May, at mean tem¬ 
perature of 82°F—85°F; while the longest time was twenty-three 
days during March and September, at mean temperature of 75°F 
and 77°F. 

Twenty-two individuals, took seventeen to twenty-two days to 
transform, at mean temperature varying between 68°F—8f)°F. 
The average time of twenty-nine records is 19‘9 days, and the mode 
is 20 days, at mean temperature varying between 68°F—79°F, in 
six out of twelve months of the year. 

I i ! 

Fourth Nymphal Stage. 

The shortest time taken to moult from the fourth to fifth 
nymphal stage, was eighteen days during April—May, at a mean 
temperature of 86°F; while the longest time was twenty-three days 
during ’February, at, a mean temperature of 73°F. 

Twenty-four individuals, took nineteen to twenty-two days to 
transform, at mean temperature varying between 70°F—87°F. 
The average time of twenty-eight records is 20’7 days, while the 
mode is 20 days, at mean temperature varying between 71°F--80°I‘\ 
in practically all months of the year. 

t 

Fifth Nymphal Stage . 

The shortest time taken to moult from the fifth nymphal stage 
to the adult hopper, was nineteen days in the month of May, at a 
mean temperature of 86°F; and the longest time was twenty-four 
days during August—September, at a mean temperature of 78° b. 

Twenty-two individuals, took twenty to twenty-three d&ye to 
transform, at mean temperature varying between 60°F—$6°F. 
The average time of twenty-five records is 21 days, while the mode 
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is also 01 days, at mean temperature ‘varying between 69°F—83°F, 
m |>ya^</i©ally all Deaths of the year. 


14. Moulting of Nymphs, 

When about to moult, a fine rupture appears from the vertex 
to the base of the metanoium. The head of "the emeigiugnymph 
or adult is pushed out first, and the moulted skin previously cover¬ 
ing the head and thorax occupies u ventral position. The emerging 
nymph or adult slowly crawls out, and the moulted skin is always 
left attached to the undersurface of leaves or on bark of shoots by 
the legs. The whole process of moulting from one stage to another 
occupies thirty minutes. 

15. Recently Moulted Adult. 

In a particular case on the 13th March 1931, a freshly-trans¬ 
formed S. nigroclypcata adult was closely watched, .and ‘the follow¬ 
ing observations were recorded with regard to its coloration and 
development: —~ 

8-30 am . —The fresh adult is whitish in color; eyes reddish; 

wings white; abdomen elongated, with light pink 
streaks between eyes, at middle of pro-amd meso- 
notum, at base and sides of metanotum, and on 
t first abdominal segment. Wings about a quarter 

of the length of the body; legs and rostrum 
whitish. 

8-45 am .—Wings whitish, and have grown to three-quarters 
of the length of body. The abdominal segments 
have contracted. 

8- 50 AM. —Wings still whitish, but have expanded, and 

covered the abdomen, leaving only the e&xth and 
seventh segments exposed. 

9 a.m. —Wings as long as the abdomen, darkish white; 

venation of tegmena distinct; pink rings visible 
in between abdominal segments; eyes dark. 

9- 25 a.m.— Spines on eyes become visible; rostrum brown at 

base; femur and tibia darkish at places. 

9-35 a.m. —Wings have become darkish with fpots. 

9-50 wi*M.~~~ThB hopper has assumed its yellowish brown colora¬ 
tion with dark brown speckling, iegs yellowish 
with dark brown stripes. 
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16. Life of Adult. ' A 

la nature the imago of Sanma nigroclypeata, should have a 
maximum life of three to three and a half months throughout the 
year. In captivity inside sleeves, and in insectary cages, six 
records of adult life have been made between January and Novem¬ 
ber, with a range of 98 to 107 days. 

17. Fecundity and Sex Ratio. 

The female hopper lays eleven to twelve eggs at a time up to a 
total of 124. Counts in the overies have not been made. The sex 
ratio based on reared colonies is 1: 1. 


18. Duration of Life-Cycle. 

The following table summarizes the time variation in the stages 
of the life-cycle: — 


St«ge. 

Shortest period 
(days). 

Longest period 
(da 

Avenge period 

Egg. 

17 

25 

21*4 

First instar .... 

15 

24 

19*2 

i 

Second „ . , . • 

14 

24 

10*4 

Third ii • • • » 

10 

23 

10*9 

Fourth ,»•••• 

* 18 

23 

20*7 

Fifth ft • • • e 

19 

24 

21* 

Total 

99 

143 

121*6 days 


The difference between the shortest and the longest periods from 
oviposition to adult is 44 days. The average is 121*6 days, and the 
mode is the same. 


19. Effect of Temperature on Development. 

The difference of fourty-four days between the shortest and the 
longest records of the life-cycle, may possibly be due to differences 
in temperature. The temperature records, do not support seasonal 
variation in the rate of development of the different broods during 
the year. For example in the months of December—January at 
mean temperatures of 68°Fr-71°F, the egg takes 23 days to hatch; 
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in the month el March at .a mean temperature ol 74°F, the egg 
'<foy# to ketch; while in tie month of Jane at a mean 
t»m|«n'«twre *f 82°F, the egg took 23 days to hatch. From abate 
rt is infernal, that the development is independent ol the ana 
temperature daring different months ol the year. Meet <4 the 
iraaaforamtions ol the different stages, take place within 17 to 23 
days at mean temperatures varying from 68°F—87°F. This uni¬ 
formity of development throughout the year, is to be expected of a 
species adjusted to an equable climate. Karima niyroclyjteata is 
active throughout the year. 

20. Nttwhkh of Generations. 

Allowing a fortnight for mating and maturation of the egg, it 
is evident that a minimum life-cycle of 99 days, combined with an 
average life-cycle of 121-G days, permit a sequence of three genera¬ 
tions in a year. As the adults live for over three months, and 
the egg laying also goes on a long time r the generations overlap. 
Under insectary conditions three broods have actually been carried 
through, the first in January to April, the second in May to August, 
and the third in September to December. 

21. Biotic Potential. 

Assuming that the egg laying capacity of this species is 124 
eggs per female, the sex ratio is 1: l, the number of individuals 
produced from one egg is oue, and the number of generations per 
year is three, then the annual biotic potential for the species 
starting with a single pair is 

(2 x 62 x l) 3 = 1906624 individuals. 


22. Seasonal Incidence and Relative Aiicndance fhom Quanti¬ 
tative and Field Collections. 

The samples of the population of sandal insects, made at regular 
intervals by. field assistants under the writers’ direction, were 
analysed at Dehra Dun by Mr. C. Dover. The diagrams given in 
Plate II are prepared from his data, and are rorrected modifications 
of those issued on pp. 16, 17, of the 5th progress report of the 
Sandal Spike Working Committee, (3; pp. 16—17). Of the tote, 
of 2,048 specimens, obtained in one year’s quantitative collections 
from the sample plots at Fraserpet, Jawnlagiri, Aiyur, and Eotiur; 

a 
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■&» Aiyur plots yielded 53 per cent., JiwalagM 40 f«r OS#**,, ! 
Praserpet 4 per cent., and Kottur 2 per cent.. Pi. II, fig. 2, At 
Eraserpet this species is relatively most abundant in pint No. 6, 
which is heavily spiked, and least abundant in plot No. S, which 
is healthy. At Jawalagiri S. nigroclypeata is more or less uni¬ 
formly present in all the plots. Its relative high occurrence in 
spiked plots 9 and 14, in which the ground was dug up and 
manured, and the spiked trees were removed every month, is worthy 
of note. The low figure for plot 10, is due to the fact, that the 
plot was completely burnt by fire in April 1981, and quantitative 
collections were not made in the plot, for a subsequent period of 
about five months. At Aiyur this species is relatively more 
abundant in the healthy plots 16, 17, and 18, pi. II, fig. 1. If® 
abundance in spike plot 20, is more or less the same as in spiked 
plot No. 9 of Jawalagiri; and the species is fairly abundant in the 
heavily spiked plot 19. At Kottur, though it occurs m all the 
plots, this species may be considered as relatively rare. The graph 
for seasonal incidence, pi. II, fig. 3, shows that there is a gradual 
increase in abundance from April to August, followed by a decrease 
to November; the population increases again, but, less abundantly 
in the cold months December and January. 

During the period March 1930 to March 1981, a separate collec¬ 
tion of 1202 S. nigroclypeat/i was made on sandal from numerous 
localities by sweep netting at regular intervals. Here the monthly 
totals do not indicate any marked seasonal variations, but adults 
and nymphs occur each month. 

These observations on the free population confirm those made 
on caged individuals, namely that the species is active throughout, 
the year. 

23. Night Collections. 

During the period October to December 1931, collections on 
sandal were made by field assistants in Denkanikota range, for one 
hour on alternate days at night, and out of a total of 250 specimens 
of Hemiptera obtained, S. nigroclypeata represented II per cent. 


24. Enemies. 

Sannm nigroclypeata in its nymphal and adult stages, does not 
suffer from the attacks of parasites and predators. Parasitism by 
a chalcid (P), was noted on one occasion ixt December J980, $0 

pyedutoys have been observed, 
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MORPHOLOGY. 

(Description of the 'various stages PL 1; Figs . 1 to IS.) 
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25. Egg. (PI. 1; Fig. 1.) 

Oval* depressed, rounded at both ends, with a short pedicel at 
the cephalic end, which is slightly narrower than the posterior 
end. * Chorion not sculptured, but shows at certain angles fine 
broadly spaced furrows, which are straight on top but curved at 
Sides. Length including pedicel 0*95—1*25 mm; breadth 0*35— 
0*50 mm. 


First Stage Nymph. 

On emergence from the egg, the nymph is of pink to crimson 
in color. It acquires its general pinkish-brown coloration with a 
whitish bloom within 48—72 hours. Eyes dark red; face, vertex, 
middle of thorax, and abdomen pale throughout; pro and mesono¬ 
tum pale or whitish at the lateral margins; metanotum pinkish 
brown; abdomen basally pink, apically pinkish brown; apex of 
tibia, tarsus, ami rostrum whitish or pale; antenna and base of 
rostrum pale biown to brown; legs banded brown. Sensory pits 
whitish or pale some surrounded by brown rim. Anal brushes white 
with black bands, find begin to grow within 12—24 hours of hatch¬ 
ing. The proportion of anal brushes to the length of the body of 
the nyinph is about 1: 1. 

Head narrower than pronotum. Vertex slightly produced in 
front of the eyes, rounded at the anterior margin, angularly emar- 
ginate at the posterior margin. Face a little longer than broad 
convex, apical and lateral margins faintly ridged with a fine central 
longitudinal carination, with a series of sensory pits on apical and 
lateral margins. Thoracic segments distinct, mesonotum longer 
than pronotum, metanotum about twice as long as pronotum; ante¬ 
rior margin of pronotum angularly produced in between the eyes, 
posterior margin sinuate, with a series of 8 sensory pits placed 
obliquely on either side of the mid dorsal carination, which runs 
from base of metanotum to apex of pronotum. Mesonotum with 4 
sensory pits on either side of the mid dorsal ridge. Metanotum 
with 2 sensory pits placed obliquely on either side of the mid dorsal 
carination. Logs of moderate length, third pair longest. Posterior 
trochanter only dentate, apex of tibia and first tarsal joint of .the 





third leg with small brown spia«s, f ofl each. Anterior Sad lad#*' 
mediate legs without spines. Tarsal joints two, first joiat shorter 
than the second in the anterior and intermediate legs but longer 
than the second in the posterior leg. Abdomen with seven di**e«r- 
nible segments, first segment small, third, fourth, fifth and sixth 
segments, each with 2 sensory pits, on either side near lateral 
margins. Anal brushes come out from twc^ small kidney-shaped 
white pads, situated at the sides of apparently the last abdominal 
segment. Each brush is composed of a bundle of white wait 
bristles, which increases in length with the age of the nymph, and 
becomes banded with black. Length I mm.—1*25 mm; length of 
anal brushes 1 mm. 

Second Stage Ny mph , 

A freshly moulted second stage nymph is pinkish white ill color, 
with pink spots on both dorsal margins of abdominal segments and 
also at base of first abdominal segment. Three pink ftpots situated 
in a triangle are seen at the apex of pronotum. The eyes are at 
first pink, and then turn deep red. Legs and proboscis are whitish. 
In mature specimens the general coloration is pinkish-brown. 
Vertex and face pale yellow; antenna, clypeus, and base of rostrum 
brown. Thorax and abdomen pale at middle; pro and mesonotum 
pale at lateral margins, metanotum brown with pale spots at poste¬ 
rior margin. Legs pale banded brown, abdomen pinkish white at 
base, pinkish brown at apex. The anal brushes begin to grow after 
24 hours of moulting, and the proportion of the length of the 
brushes to the body of the nymph is about 1: 1. 

Head including eyes not as broad as pronotum. Vertex sub- 
pentangular, about twice as broad as long, slightly produced in front 
of the eyes, with a fine central carinate line. Face as in the first 
stage nymph, slightly ampliated, sinuate before clypeus. Olypeue 
short, robust. Pronotum shorter than mesonotum, transversely 
smaller than the following two segments, sinuate at base, anterior 
margin angularly produced in between the eyes, a faint median 
carination present, with 9 sensory pits placed obliquely on either 
side of the median ridge. Mesonotum faintly tricarinate at middle, 
with 4 sensory pits on either side of the earinatione. Metaaotu» 
with a faint median carination, sinuate anteriorly, posterior margin 
angularly produced at sides about twice as long as pronotum,* with 
2' sensory pits placed obliquely on either side. Apex of till*# and 
first tarsal joint of the third leg with small brown spine*, & on each.- 
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■ • . Th# anterior pairs of log* without spines. Legs and tarsal joints 
a# in the first stage nymph. Abdomen broad at base, tapering 
p4Mrterioriy, first abdominal segment transversely smaller than the 
second Segment. Third, fourth, fifth and sixth abdominal seg¬ 
ments, each with 2 sensory pits, on either side near lateral margins. 
The abdomen is mildly ridged mid-dorsally in the male which is 
smaller than the female. Anal pads larger than those of first stage 
nymph. Anal brushes as in the first stage nymph but with more 
numerous bristles. Length 1*5 mm—1‘75 mm; length of anal 
brushes 1*75 mm; greatest breadth over thorax on the metanotum 
0 85 mm; breadth between the eyes 0*05 mm. 


Third Stage Nymph. (PI. 1; Fig. 2.) 

* General colour pinkish brown. Vertex, face, elypeus at base, 
middle of thorax and abdomen dorsally, apex of rostrum pale or 
pak yellow. Femora, tibiae and tarsii darkish, banded. Compound 
eyes dark red, with a thin white film. Antenna, elypeus, and base 
of lustrum brown. Pro and mesonotum pale at lateral margins, 
metanotum with pale spots. Abdomen whitish pink brown, basalt; 
whitish pink, apically pinkish brown above, w ith pale brown patches 
on the third, fourth and fifth segments 1 beneath. The anal brushes 
and the bauds on them are most conspicuous in this stage. The 
ratio of the length of the anal brushes to the length of the body of 
the nymph is about 1*5: 1. 

Head, vertex, face, elypeus, pro-meso and metanotum, as in 
second stage nymph. The faint mid dorsal carination on the pro- 
notum is continued over the meso and metanotum. The angularly 
produced anterior margin of the pronotum is slightly raised and 
ampliated, Pronotum with 12, mesonotum with 8, and metanotum 
with 4 sensory pits placed on either side of the medio-dorso-longi- 
tudinal carination. Legs and tarsal joints as in the second stage 
nymph. Apex of tibia and first tarsal joint of the posterior leg 
with 5 brown spines on each. Abdominal segments as in the second 
stage nymph. Second abdominal segment with 1 sensory pit, third, 
fourth, fifth and sixth abdominal segment each with 8 sensory pits 
on either side near enterio-lateral margins. Anal pads larger than 
those of the second stage nymph. Anal brushes as in second stage 
nymph but with more numerous bristles. Length 1*80 mm.—2*25 
W; length of anal brushes 2*75 mm,—3*5 mm ; breadth over thorax 

he 1*25 mm; breadth between eyes *9 mm. 




F&urth Stage Nympk. 


Similar in coloration to third stage nymph but more dark brown. 
Vertex, pro-meso and metathorax, brown, mottled. Abdomen light 
brown, with transverse pink bands in between segments, more 
brown apically. First abdominal segment castaneous at the ex¬ 
treme lateral margins* Sixth abdominal segment with a castaneous 
spot at middle of the posterior margin. Face brown, speckled; 
elypeus at base pale. Femur, tibia, and tarsus pale, banded brown. 
Byes dark red. Antenna, elypeus, and base of rostrum dark brown. 
The proportion of the length of the anal brushes to the length of 
the body of the nymph is above 1: 1. 

Head, vertex, face, and elypeus as in the third stage nymph. 
Pronotum smaller than mesonotum or metanotuxn. The medio- 
dorso-longitudimil oarination runs from vertex to base of metano- 
tuxu. The angularly produced anterior margin of the pronotum 
slightly elevated and ampliated. Pronotum with 15 sensory pits, 
placed obliquely on either side of the median ridge, Mesonotum 
triearinate with 8 sensory pits, 5 near middle and 3 on tegminal 
region, on either side. Metanotum with 6 sensory pits in two 
groups of 3 each, on either side of the median carination, one group 
near middle and the second on tegminal region. Tegmina on meso- 
and metanotum present, but small and inconspicuous. Legs and 
taisal joints as in the third stage nymph. Apex of tibia, and first 
tarsal joint of the posterior leg, with 6 black spines on each. 
Abdominal segments as in the third stage nymph. Second abdomi¬ 
nal segment with 2 sensory pits, third, and fourth abdominal 
segments each with 4, and fifth, and sixth segments each with 3 
sensory pits on either side near anterio-lateral margins. Abdomen 
mildly ridged mid dorsally in the male which is smaller than the 
female. Anal brush pads, larger than those of the third stage 
nymph. Anal brushes as in third stage nymph but with more 
numerous bristles. Length 2 nun.—2*5 mm; length of anal brushes 
2 mm.—2*25 mm; breadth over thorax on the metanotum 1*5 mm; 
breadth between eyes 1 mm. 

Fifth Staye Nymph. 

General coloration, pale pinkish dark brown or black. Eyes 
dark red with a whitish film. Vertex, face, pro—and mesonotum, 
and first four abdominal segments over a greater area, pale with 
dark brown or black mottling. Pronotum with brown spots; 
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mesonotum pule at middle, and at anterio-Iateral area; metanoium 
dark brown or black, with large pale spots. Two oblique pale lines 
on the metanotum, on either side of the median ridge, reach as 
far as the mesonotal earinations. Apices of tegmina, apical three 
abdominal segments, clypetm except at base, base of rostrum, and 
antenna dark brown or black. Abdomen in between segments pin* 
kish above, with a pair of large dark brown or black patches on the 
third, fourth and fifth segments, beneath. Tvegs banded dark brown 
or black. Tegmen dark brown or black, conspicuous with pale, and 
brown or black sfcriatioris. The wax bristles composing the anal 
brushes are most numerous in this iustar, and the proportion of the 
length of the anal brushes to the length of the body of the nymph 
is about 1‘6: 1. 

Head including eyes narrower than pronotum. Vertex subpen- 
tangular, its base angularly emargmate, with a fine carinate line, 
twice as broad as long, slightly produced in front of the eyes. Face 
slightly ampliated, sensory pits at apex and sides, sinuate before 
elypeus, with one central and two curved marginal (‘urinations 
which meet at apex. (/Ivpeus short, robust, shining. Antenna 
dark brown, second joint longer and stouter than the first, globose, 
with a number of fine sensory pits and hairs. Basal aristal knob 
minute globose. Pronotum transversely smaller than the following 
two segments, sinuate at base, anterior margin slightly ampliated, 
and angularly produced in between the eyes, with 18 sensory pits 
placed obliquely on either side of the median earimition. Mesono- 
tum iricarinate angularly produced posteriorly at sides, with 11 
sensory pits on either side, 5 near middle in one group and 0 dis¬ 
tributed over the tegminal region. Metonotum sinuate anteriorly, 
angularly produced at sides posteriorly, with 8 sensory pits placed 
in one group near middle on either side ot the median ridge. Teg* 
mina conspicuous. Posterior legs longest with the trochanters den¬ 
tate. Apex of tibia, first and second tarsal joints with small black 
spines, the number of spines being 7-8 at apex of tibia, 7-10 at 
apex of first tarsal joint and 1-8 on the second tarsal joint. Tarsal 
joints two in the anterior and intermediate legs, but three in the 
posterior leg. Abdominal segments as in the fourth stage nymph. 
Second segment with 8 sensory pits; third, fourth, and fifth seg¬ 
ments each with 4 sensory pits, and the sixth segment with 3 
sensory pits, on either side near apical margins. Abdomen mildly 
ridged in the male which is smaller than the female. Anal brush 
pads, larger than those of the fourth stage nymph. Anal brushes 
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m m ih# fowth *4#ge nymph but with more uuymww 
External genital organs dark brown or black. Length 2'H mm *— 
4*5 mm; length of anal brushes 5 mm. —6*75 mm; broadtb mp? 
thorax on the metenotum ?5 mm; breadth between pjm 1/5 ®$P* 

26. Awlt.* (PI. 1; Fig. 3.) 

‘ Vertex twice $8 broad as long, surface deepened in the middle, 
with white grainy middle line. Face somewhat less long than the 
maximum breadth, tapering between eyes on sides, surfaces rounded 
to clyjpeus flat, sprinkled with deep brown, with three obvious eari- 
gutipgs, bounded with each other in the middle of upper margin 
of face, the lateral carinations are close against the sides of tbs 
face, the middle carination runs through the length of face upto 
ciypeiis. Clypeus with the exception of a small yellowish^white 
base; black, glossy, and not keeled. Pronotuni and mesonotum 
brown or black spotted, the later with three obvious longitudinal 
carinatinns. Tegmen longish, narrower at the apical end, brownish 
yellow, sometimes irregularly black spotted. At the apical end 
both the radial veins run closely towards each other. From the 
root branches a shorter nerve joins in a loop with the outer radial 
a#rye. Wing smoky brown. Underside pale yellow, sometimes 
with dark longitudinal markings and on either side are present a 
row of black dots. Legs pale yellow, fumur with brown longitu¬ 
dinal stripes, on the tips of tibia are seen small dark dots $ 

length 5 mm,’ 

The male is smaller than the female. In twelve specimens of 
males and females selected out of a large number of specimens, the 
length from apex of vertex to the apex of tegmina, varied from 4 
mm. to 4*5 mm., the average being 4*2 mm. in the case of thg 
male; and from 4*75 mm. to 55 mm., with an average of 5 mm*# 
in the case of female. 

27. Development of Antennae and Presence of Sensory Pi?r 
and Hairs on the Second Antennal Joint. 

In the first instar the second joint of the antenna is robust, 
globose, studded with minute projections, being longer and broader 
than the first joint; which is small, plain and annular. At the 
apex of the second joint is seen a knob, the arista! knob, with two 
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(* Footnote. —Description translated from Monographie der Issiden tar 
MeUeUar.) 
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®»e hairs, and waste iabeneles, latent to which ames the seta, 
irJ>* ij $*%• f». Is th* second instar, both the second joint, and 
the antennal knob, are spinulate or are studded with black min Ate 
pjm|eetio»8, with few olfactory spots on the second joint. At one 
side of the antennal knob, are seen two long hairs, with few small 
tubercles probably sensory in function; and on the opposite side is 
seen a small pointed tubercle outside which the antennal seta 
Arises. In the third instar, the second joint with few small, 
olfactory pits, is also longer and broader than the first. Both the 
second joint, and the antennal knob, are studded with black minute 
projections or blunt spines, with small spines and hairs at apex. 
The large hairs on the aristal knob seen in the second instar are 
also present and the seta arises from the knob laterally. In the 
fourth instar, the second joint is with small olfactory pits, minute 
spines, and hairs, all over, more so at apex. The antennal knob 
is small, globular, studded with minute spines, aud the seta arises 
laterally. In the fifth instar, the second joint is spinulate with a 
number of stout, pointed, transparent setae. A series of large 
sensory fovese are seen on the second joint each with 5-7 thin 
triangular pointed projections at the outer edge. Antennal knob 
with sensory pits, fine hairs, and minute tubercles, at apex. In 
the adult stage, PI. 1 ; Fig. <>, the second joint is spinulate also, 
with a number of stout, transparent, pointed setap, amongst which 
are present a number of large olfactory pits; each with 7-10 thin 
triangular pointed projections at the outer edge. Antennal knob 
small, smaller than that of the nymphs, globose without hairs, but 
with sensory pits and minute tubercles. The seta arises laterally. 

28. Development of Leo and Presence of Tactile Haiks. 

Trochanter : The trochanter of the posterior leg in all the 
nymphal stages, is dentate at the inner margin, PI. 1; Fig. 9; 
which is not seen in the anterior and intermediate legs, nor in any 
of the legs of the adult. 

Femur : In the first aud second stage nymphs, the femur of the 
anterior and intermediate leg, is studded with small set* and hairs. 
In the third and fourth stage nymphs, the femur of the first and 
second leg, is studded with small whitish pointed spines, besides 
eetm and hairs. In the fifth stage nymph, small pointed brownish 
spines are present in double row on the furnur of the first and second 
lag, besides the set® and hairs. The fumur of the posterior leg, is 
guide d with small fine spiculte in the first four instars, and with 
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small setae in the fifth instar. In the adult stage the fumur of the 
anterior, intermediate and posterior leg, is similar to that hi the 
fiftli stage nymph. 

Tibia : The tibia of the first and second leg in all the nytnphal 
instate, and in the adult is destitute of spines PL 1; Fig. H t The 
tibia of the anterior and intennediate leg, PL 1; Fig. 12, is studded 
with small fine hairs in the first instar, with fine spiculm in the 
second instar, and with fine setae and hairs in the third, fourth and 
fifth instars and also in the adult. The tibia of the posterior leg 
in the first instar has besides fine hairs, 4 castaneous-tipped spines 
at apex Pl, 1; Fig. 7. In the second instar, besides fine spicule®, 
there are one spine at middle, and 5 spines at apex of the third 
tibia. In the third instar, besides setie and hairs, are present one 
brown-tipped spine near base, one at middle, and five at apex of 
the third tibia. In the fourth instar are present one brown-tipped 
spine near base, one at middle, ii at apex, and one spine in between 
the middle spine and the apical spines besides setae and hairs. 
In the fifth instar besides seUe and hairs, are present 7 or 8 black- 
tipped spines at apex in addition to the three spines seen on file 
tibia of the fourth instar, PL 1, Fig. 8; and 8 black-tipped spines 
at apex with only two other spines, the basal spine being absent, 
in the adult. 

Tahstjs : The number of tarsal joints in the anterior, interme¬ 
diate, and posterior legs, of the first four instars, is two. In the 
fifth instar, the number of tarsal joints in the first, second and 
third legs, is two, two, and three respectively. In the fourth and 
fifth instars, the first tarsal joint in the posterior leg becomes pro¬ 
minent, and remains so in the adult stage, in which the number 
of tarsal joints in all the legs becomes three. In all the nymphul 
instars, the first tarsal joint is much smaller than the second in the 
anterior and intermediate legs and longer than the second in the * 
posterior legs. In the fifth instar, the first and the third tarsal 
joints are subequal, but the first joint is stouter and more prominent 
than the third, which is slender and bears no spines. In the adult, 
the third tarsal joint is longest, being longer than the first and 
second put together in the first and second legs; but in the third 
leg the first tarsal joint is longest. 

The tarsal joints of the first and second legs in all the nymphul 
instars and in the adult, are destitute of spines. 

In the nymph of the first instar, 4 brown-tipped spines are 
present at the apex of the first tarsal joint in the posterior leg, the 
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Aeeoild joint is without spines. Few small tactile hairs, are present 
on the tarsal joints of all legs. In the second instar fine tactile 
h»i|S are mostly present ventrally in all legs, more so on the third 
teg. At the apex of the first tarsal joint of the third leg, are 
seen 5 brown-tipped spines ventrally. Spines are absent on the 
second tarsal joint. In the third instar 5 brown-tipped spines 
occur at the apex of the first tarsal joint, the second tarsal joint is 
devoid of spines. Tactile hairs are present on both the tarsal joints 
of the first and second legs ventrally, but are more abundant, on the 
tarsal joints of the third leg. In the fourth instar, tactile hairs 
are present on the tarsal joints of all legs as in the third instar 
nymph. There are 6 brown-tipped spines at the apex of the first 
tarsal joint but none on the second tarsal joint. In the fifth instar 
tactile hairs are distributed all over the first and second tarsal joints 
of the anterior and intermediate legs ventrally. Iu the posterior 
leg, the second tarsal joint is smallest, the third tarsal joint is 
less hairy than either the first or the second, on which hairs are 
concentrated a„t the apex. There are present 7-10 black-tipped 
spines at the apex of the first tarsal joint, and 1-3 spines on the 
second tarsal joint, but none on the third joint. In the adult, 
hairs are distributed all over the three tarsal joint of all legs, but 
they are more abundant ventrally. The hairs are small, pointed, 
and arise out of circular translucent spots. The first tarsal joint 
- has 15 black-tipped spines at apex, the second tarsal joint only 2, 
while there are no spines on the third tarsal joint. 

Claws: The tarsal joints in all nyinplial stages, and in the 
adult, end in a pair of light to dark brown, curved and pointed 
claws; in between which is a bunch of small leneut hairs bent at 
tips, PI. 1; Fig. 10. 

29. Anal Pads and Brushes. 

Nymphs of all instars have a pair of small, thick, kidney shaped, 
white pads, one on either side of the anal plate, from which the 
anal brushes develope. Each brush consists of two bundles of 
white, rather stiff, wax bristles; placed very close to one another. 
These bristles increase in number with each moult, and become 
banded with black at different places throughout their lengths. 

The base of each bristle, is in the form of a circle or ring with 
an internal transparent area, bordering which are small transparent 
spots, the bases presumably of minute sete; which are not dis¬ 
cernible under low power. In between these circles are present 





larger transparent spots, wiutA probably are itbe hm» M 
atill buyer sat®. When seen under kigb power, ikese rings appear 
in the lorm of shallow cups or pits with the edges projected, sound 
each pi which are seen fifteen to seventeen very minute set®, in the 
case of the nymph of the fif th iustar , 

The anal brushes and pads drop off with Ike exnvium, and 
fresh bristles arise in their places as the nymphs continue to feed 
and grow, after every moult. If the bristles faming the anal 
brushes, are cut off or removed intentionally in the middle of the 
nymphul stage, they again grow and the nymph does not appear 
to be in any way the worse for their removal. 

The pads become larger in size with each moult. In the nymph 
of the first instar the number of anal bristles on each pad is seven, 
Pl. 1; Fig. 13, in the second instar nine, in the third twelve, in 
the fourth sixteen, and in the fifth instar over sixty, Pl. 1; Fig. 14, 
In the adult stage the anal pads entirely disappear, and no brushes 
are seen either in the male or in the female. 


30. Growth of Anal Shushes and thru* Function. 

The wax bristles composing the anal brushes hre most numerous 
in the nymph of the fifth instar, and the bluish-black bands on 
them are most conspicuous in the third instar. In order to deter¬ 
mine the time and rate of development of the anal brushes, a 
nymph of the third instar was kept under observation from 10 a.m. 
on the 27th February 1931. The brushes were not visible on the 
first day. The anal brushes when they first appear, are glistening 
milky white in color. On the second day only a small white stump 
was seen to come out. On the third day the wTiite brushes were 
with two glistening bluish black bands, and had attained only half 
the length of the body of the nymph. On the fifth day the brushes 
had grown to three-quarters the length of the body juf the nymph, 
and had three bands. On the eleventh day the brushes were one 
and a quarter tunes the length of rhe body of the nymph, and 
showed four bands. On the fourteenth day the nymph was seen to 
have developed five shining bluish-black bands on the brushes, 
which were a little less than one and a half times the length of the 
body of the nymph. On the sixteenth day, the brushes were found 
to have grown a little over one and a half times the length of the 
body of the nymph, and had developed seven bands. The relative 
position of the bands on the brushes was as follows:—The distances 
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' bsi#^ tfiefiTst and 'thfrd, third and fifth, and fifth and seventh 
h&&8. ware about <%eal The distances from the apex of the abdo- 
fiMt fib fhfi first band, and from the first to the second band were 
fire distances between the second to the third, the third to 
the fourth, and the fourth to the sixth were subequal. The 
distance between the sixth and the seventh band was longest. The 
distance between the fifth ami the sixth band was about equal to 
that between the first and second. The seventh band was longest 
and beyond the seventh hand the blushes extended for a distance 
equal to that between the fifth and sixth band. At 2 p.m. on the 
sixteenth day the anal bristles were seen reduced to meve stumps. 
The fragile «nal brushes grow with the nymphs and after a certain 
stage dwindle prior to moulting. With age the brushes loose their 
stiffness and luster. 

The exact function of the anal brushes is not understood, nor 
is the development of the bluish black bands on them. The object 
of spreading the brushes funwise, and of (tarrying them over the 
back, may be to scare and drive away predatory and parasitic 
insects. 

31. Male Genitalia. (PI. 1; Fig. 15.) 

Acdegus short, phallosoma four lobed in the region of the 
mouth, the two dorse lateral lobes hard, {minted, each carrying 
small, thin, legume-shaped, appendages, pointed and curved at tip, 
and serrated at the outer edge. Conjunctiva appendages well deve¬ 
loped, flattened, spinulate at the distal ends, with two pointed 
secondary processes. Vesica wide, and blunt at apex. Parameres 
broad, studded with thin spines, slightly produced at the poster! o- 
dorsal region with a thin process before the posterio-dorsal corner, 
where it is slightly twisted. 

32. Eyes. (PI. 1; Fig. 4.) 

The surface of the compound eyes in all the nymphal stages is 
glabrous, but in the adult stage the eyes are studded with very 
minute spear shaped spines all over, except for a small area near 
the antenme. 

33. Distinction between Nymphal Instabs. 

The differences between the nymphal insiars, are but for appear- 
aifcee and sisfe minute, and the nymphs of the different instars can¬ 
not be separated easily without making a special study of their 
characteristics. The distinguishing characters lie in the number 



of sensory pits on pro meso and metaaotam, and also on the second 
to sixth abdominal segments; and in the development of spines on 
tibia and apioes of first and seeond tarsal joints of the posterior leg, 
A reference to the following table will indicate the different stag? 
nymphs accurately. 



Nxwbs. 


Part of body. 

lit 

Stage. 

2nd 

Stage. 

3rd 

Stage. 

Stage. 

— 

Adult* 

Number of memory pits on 
Pronotum. 

8 

9 

12 

16 

u 

t> 

Number of sensory pits on 
Mesonotum. 

4 

4 

8 

6 

u 

0 

Number of sens ry pits on 
Metanotum. 

2 

: 

2 

4 

6 

3 

0 

Number of eonsory pits on 
1st abdominal segment. 

0 

0 

0 

0 

0 

0 

Number of sensory pits on 
2nd abdominal segment. 

0 

0 

1 

2 

3 

0 

Number of sensory pits on 
3rd abdominal segment. 

2 

2 

3 

4 

4 

0 

Number of sensory pits on 
4th abdominal reument. 

2 1 

2 

3 

4 

4 

0 

Number of aensoiy pits on 
5th abdominal segment. 

! 

2 

2 

3 

3 

4 

0 

Number of sensory pits on 
6th abdominal segment. 

2 

2 

3 

3 

3 

0 

Number of tarsal joints to 
anterior and intermediate 
leg*. 

2 

2 

2 

2 

2 

3 

Number of tarsal joints to 
posterior legs. 

2 

2 

2 

2 

3 

3 

Numl>er of spines on and at 
apex of 'ibia of posterior 
leg. 

04-4 

14*5 

24-5 

34 0 

3+7 or 8 

2+8 

Number of spines at ajiex of 
first tarsi l joint of posterior 
leg. 

4 

6 

5 

6 

7 to 10 

16 

Number of spines at apex of 
seeond tarsal joint of 
posterior leg. 

0 

0 

0 

0 

' 

1 to 3 

i 

2 

Mom 












34. SUMMAET, 

Sarima nigroclypeata is on© of the commonest hoppers on sandal 
in South India, and feeds on seven different plant species besides 
sandal. The nymphs of the first and second instars suck sap from 
the new leaf flush and sprouting leaf buds;, while the nymphs of 
the third, fourth and fifth instars, as well as the adults suck sap 
from shoots. As a result of abnormal drain of sap due to the 
feeding of a large number of nymphs and adults on the sandal 
tree, its vitality is reduced and growth interfered with. Under 
laboratory conditions, feeding causes temporary shortening and 
clustering of leaves on shoots. As a result of mass feeding, sandal 
shoots and young plants die hack within a short time. S. nigrocly- 
peat/i is considered to be one of the species responsible for causing 
stagheadedness generally prevalent in sandal forests. The adult 
life is over three months, and the female has a long oviposition 
period. Eggs are laid on the surface of the bark of shoots. There 
are five nymphal stages and the average time taken to complete 
development from egg to adult is 121 days. There are three gene¬ 
rations in a year and the generations overlap. The species seem 
to be almost entirely free of parasites and predaceous enemies. 
One hundred and fifty records, of the times of development of the 
different stages in the life history, during different months of the 
year have been made. Most of the transformations of the different 
stages take place within 17-23 days at mean temperatures varying 
from 68°F—87°F. The studies were mostly conducted at Denka- 
nikota, North Salem; where there is practically no variation in 
the rate of development in the different seasons. This species is 
active throughout the year in the sandal forests of Madras, Coorg 
and Mysore. All the insiars are described, and a table is given for 
the identification of nymphs. Observations on the development 
and morphology of antenna*, legs, anal brushes, male genitalia, 
and eyes have also been made. 


The data recorded in this paper, suggest that S. nigroclypeata 
is a species, capable of carrying the virus of spike disease of sandal. 
Experiments have therefore been undertaken, with the object of 
transmitting the disease by means of this insect, and the results 
will be published when they are concluded, 
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EXPLANATION OF PLATE I. 

Sarima nigroclypeata, Mel . 

Fig. 1. (a) Egg, (b) Egg about to hatch. 

Fig. 2. Nymph, 3rd instar, showing sensory .pits and anal brushes. Dian 
grammatic. 

Fig. 3. Female hopper (dorsal). 

Fig* 4. Portion of the eye of the adult hopper. Highly magnified. 

Fig. 5. Sensory hair on antenna of nymph 1st instar. Highly magnified. 

Fig. 6. Sensory hair and pits on antenna of female hopper. Highly 
magnified. 

Fig. 7. (a) Posterior tibia and tarsus of nymph, 1st instar. (6) Posterior 
trochanter of nymph, 1st instar. 

Fig. 8. Posterior tibia and tarsus of nymph, 6th instar. 

Fig. 9. Posterior trochanter of nymph, 6th instar. Highly magnified. 

Fig. 10. Tarsal claws with tenant hairs of nymph, 5th instar. Highly 
magnified. 

Fig. 11. Anterior tibia and tarsus of nymph, 6th instar. 

Fig. 12. Intermediate tibia and tarsus of nymph, 5th instar. 

Fig. 13. Eight anal pad of nymph, 1st instar. Highly magnified. 

Fig. 14. (a) Right anal pad of nymph, 6th instar, (6) base of a single 
anal bristle, highly magnified. 

Fig. 15. (a) Male genitalia. Cnj. Conjunctiva, Cnj.app. Conjunctiva 
appendage, ej. d. ejaculatory duct, gnp. gonopore, Phs. phallo- 
soma, Phs. app. phallosoma appendage, Phs. T. phallosoma lobe, 
Pr, paramere, Sc. pr. Secondary process, Vs, vesica. ( b ) Spinules 
on oonjuctiva appendage. Highly magnified. 



EXPLANATION OF PLATE II. 


Sarima nigroclypcata, Mel . 

Fig. 1. Graph showing Relativeabundance in Sample plots 1—28 Fraserpei, 
Jawalagiri, Aiyur amrKottur. 

Fig. 2, Graph showing Relative abundance in Fraserpet, Jawalagiri, Aiyur 
and Kottur. 

Fig. 3. Graph showing Seasonal incidence based on one year’s totals. 
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Fig I Relative abundance in sample plots 
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IMMATURE STAGES OF INDIAN COLEOPTERA (13) 
(BOSTRYCHIDAE). 

BY 

J. C. M. GARDNER, I.F.S., 

Forest Research Institute , Dehra Dun. 

The family Bostrychidae contains numerous species of the greatest 
economic importance as pests of timber in the log, converted timber 
and bamboos; grain and certain tubers rich in starch are also attacked 
and finally certain species are known ti* attack living trees. Much 
valuable biological information is given by Lesne (1924) in his mono¬ 
graph on the Bostrychidae of tropical Africa, Beeson (1919, 1933) 
lists the foodplants and distribution of the Indian species. 

This paper is based on larvae collected by the staff of this Institute 
with the exception of some valuable material provided by Dr. L. G. E. 
Kalshoven and Dr. F. van Emden to whom I express my thanks. 

Characters of larvae of the Bostrychidae. 

Boving and Craighead (1931) define the distinguishing characters 
of the Bostrychoidea, which they divide into five families: Ptinidae, 
Anobiidae, Bostrychidae, Psoidae and Lyctidae; the first two families 
have the head protracted and dentate mandibles; the last three, which 
are treated in the present paper as subfamilies of the Bostrychidae, 
have the head deeply retracted into the thorax and, usually, gouge¬ 
shaped mandibles. Lesne (1924) gives important information on larval 
structure. 

The chief characters of the mature larvae of the family are as follows: 
Head longer than wide, deeply retracted into the thorax. Antennae 
us ually prominent although small, with three segments and a basal 
connecting skin. Mandibles usually gouge-shaped distally. Labrum 
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movable. Maxillae reinforced on the inner margin by a brownish, thick¬ 
ening, and with or without a freely projecting maxillary stylet* Labium 
with prementum limited posteriorly by a transverse brown line. Sub- 
mentum and prothoracic skin continuous. Legs usually well developed. 
Body curved, enlarged at thorax. Spiracles annular. Tenth abdo¬ 
minal segment in front of anus with a pair of adjacent lobes separated 
by a longitudinal groove. Urogomphi absent. 

This paper deals with mature larvae but it is worth noting that 
the few first stage larvae which have been described have marked 
peculiarities, e.g. f the first stage larva of Lyctus has a pair of urogomphi 
(see page 9) and that of Scobida an unpaired spine on the ninth abdo¬ 
minal segment (Boving, 1922, p. 53). 

Piyjffi on into Sa MwBilii B. 

Lesne (1920, p. 285, 1924, p. 45) has divided adult Bostrychidae into 
seven subfamilies : Dysidinae (= Apoleoninae ), Lyctinae, Dinoderinae, 
Hendecatomime, Chileniinae, Psoinae and Bostrychinae. J have not 
seen larvae of Ilrndecatominae or Chileniinae but otherwise larval mor¬ 
phology supports Lesne’s views, with a possible exception in the case of 
the Apatini which Lesne considers as a tribe of the Bostrychinae ; the 
larvae of Apate and Phonapate , according to Lesne (1924, p. 239) are 
characterised by rudimentary and non-salient antennae, a fact which 
would support any elevation of the group to subfamily rank on grounds 
of adult morphology. 

Boving and Craighead (1931, p. 62), dealing with the larvae, consider 
the Psoidae (including Psoa, Polymon, Dinoderus, Rhizoperika, etc.), 
Bostrychidae and Lyctidae to be erf family rank. In the present paper 
these groups are treated as subfamilies and the Dinoderinae ( Dinoderm , 
Rhizoperika) are separated as a subfamily. 

As Boving and Craighead have shown, two groups can be separated 
by the structure of the mandible: in one group, consisting of Lyctinae, 
Psoinae, Dinoderinae and Apoleoninae , the mandible has a large fleshy 
cushion and a rigid grinding or pseudomolar extension which meets its 
fellow in a hardened concavity in the epipharynx; in the other group, 
the Bostrychinae, there is no such rigid grinding extension; but that this 
division into two groups is not so sharp as was at first supposed is shown 
by the mandible of Schistoeeros which has a small but distinct fleshy 
cushion and a minute flexible appendage which may possibly represent 
a rudimentary pseudomolar part. The functional significance of the 
mandibular structure remains to be investigated. 
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£egr to Subfamilies. 

1. Mandible without peeudomolar process or fleshy 

* eppeadage* or with rudiments wily of those 

ftruoturce (Schiatocem). Epiphaarynx without 
Iwfe solerome. Prothorax with a rod-like 

thickening on each side . ... * Bostbyohinak (p. 12.) 

Mandible with pseudomolar process extending to a 
Jerome in epipharynx and with a large fleshy 
appendage. Prothorax without lateral rod-like 
thickenings * . , . . . . (2) 

2. L&at abdominal spiracle distinctly larger than the 

others . Lyctinae (p. 8.) 

Last abdominal spiracle small, not larger than that 
of thorax.(3) 

3. Labial palp with one segment. Maxillary palp with 

two segments home on a palpiger . . . Dikodeeinak (p. 6.) 

Labial palp with two segments. Maxillary palp 
with three segments borne on a palpiger . . (4) 

4 Anterior abdominal terga with three transverse sub¬ 
divisions. Legs unequal, the posterior pair 

abruptly reduced (No distinct ocelli) . . Psoihae (Heterarthron) 

(p. 4.) 

Anterior abdominal terga with only two transverse 
subdivisions. Legs subequal. (Head with & 

distinct ocellus on each side) .... Apoleonihae (Apoleon) 

(p. 3.) 

Subfamily Apoleonmae. 

Characters of mature larvae. —Anterior abdominal terga with only 
two transverse subdivisions. Spiracles with a short finger-like projec¬ 
tion breaking the margin; posterior spiracles not larger than the others. 
Legs nearly equal in size, with acute claws. Other characters as in 
Psoinae (Heterarthron). (Based on Apoleon (—Dysides) edax Gorh.). 

Apoleon edax gobham. 

Described from four larvae from Java provided by Dr. L. G. E. 
Kalshoven. The species occurs in India. 

Larva (PL I, figs. 1-6). 

Curved, enlarged at thorax; length about 16 mm; width at thorax 
about 4*5 mm. Setae short and dense ventraliy, longer laterally. 
Head longer than wide (3-1X 2-7 mm), the posterior margin subangulate. 
Ocelli distinct, one on each side, large, oval, rituated between antenna 
and ventral articulation of mandible. Antenna (fig. 6) with segment¬ 
like basal connecting skin and three true segments, tie third very small; 
segment l longer than wide, slightly widened distally; segment 2 gradual¬ 
ly increasing in width from the base, rather more than three times as 
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long as wide and about 1*4 lames as long as segment 1; segment 3 one- 
seventh as long as second; accessory appendage minute, Labrum, 
clypeus and epipharynx very much as in Heterarilmm. Mandible 
(fig. 4) acute apically, the cutting edge strongly oblique, with a very 
distinct tooth at its posterior extremity; mola-like prominence and 
fleshy appendage well developed. Maxilla (fig. 1) with digitiform, 
densely setose mala; lacinia a stout, slightly curved spine; palpiger seg¬ 
ment-like ; palp with three brown segments of which the third is the 
longest; second longer than wide, slightly shorter than third. Labial, 
palps (fig. 1) with two segments, the second the longer; prementum 
posteriorly limited by a brown line; ligula rounded, large; mentum 
separated from submentum by a fine brown line on each side. Terga 
of mesothorax, metathorax and abdominal segments (fig. 3) divided into 
two prominent transverse folds of about equal size; a very attenuated 
strip of skin separates the two folds. Legs (fig. 2) approximately equal 
in size, hairy; the tibia elongate, rather slender; the claw an elongate 
acute spine. Spiracles (fig. 5) oval, each with a single dorsally directed 
finger-like air-tube projecting from margin. 

Subfamily Psoinae. 

Characters of mature larvae. —Labrum large, bent downwards over 
mandibles. Antennae prominent. Epipharynx with concave sclerome. 
Mandible with pseudomolar process and fleshy appendage. Maxillary 
stylet strong. Maxillary palp three-segmented, borne on a segment-like 
palpiger. Labial palps two-segmented. Prothorax without lateral 
rods. Anterior abdominal terga with three transverse subdivisions. 
Legs well developed, decreasing in size from pro- to metathorax. 
Spiracles oval, annular, the last abdominal pair not enlarged. (Based 
on Helerarthron feanus Lesne). 

Heterabthron feanus Lesne. 

Described from six larvae taken from MaUotus philippinensis, Dehra 
Dun, U. P. Beetles were reared. 

Mature Larva (PL I, figs. 7-12). 

Larva (fig. 7) large, length about 25 mm., width at thorax about 7 
mm. White, with mandibles, claws, portions of mouthparts and an¬ 
tennae darkly pigmented. Body setae short but longer and denser on 
pleural region. Head subrectangular, the posterior mar gin gently 
curved; length to epistoma 3*7 mm., width 3*3 mm. Ocelli are not 
distinct. Antennae (fig. 9) with the segment-like basal connecting akin 
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and the three true segments partly brown; segment 1 slightly longer 
man wide and- strongly expanded distally; segment 2 stoutly subfusi- 
form, wider behind the middle, twice as long as wide and a little longer 
than first segment; segment 3 cylindrical, small, one-fourth as long as 
second; appendage minute, longer than wide. Clypeus (fig. 10) rather 
narrowly transverse, with numerous moderately long setae on the 
posterior brown zone and laterally on tbe anterior soft zone. Labrum 
(fig. 10) large, about three times as long as clypeus, deflexed, forming an 
angle with plane of frons; wide and convex basally, narrowing towards 
apex; surface brownish at posterior lateral angles, with numerous setae 
which are short on the disc, longer laterally and denser anteriorly; 
a pair of short fine blackish rods is visible beyond the middle. Epi- 
pharynx (fig. 11) near the base with a concave area supported by lateral 
rods and with minute hairs except centrally; a posterior division of 
this area, just anterior to the oesophageal opening, is circular, concave 
and subvertical. Mandible (fig. 8) stout, the apical cutting edge roundly 
gouge shaped, with a small indentation separating a weak postapical 
fl.ngiiln. tion ; mola-like projection strong, the grinding face with three 
carinae across the disk and with a curved pencil of setae behind it; 
the fleshy appendage well developed; lateral face of mandible with 
several setae. Maxilla with digitiform mala which is densely setose 
apically and on tbe inner margin; maxillary stylet (lacinia) a strong, 
slightly curved, spine; palpifer stout, segment-like; palp with basal 
segment stout, brownish near the base, wider than long; second segment 
slightly longer than wide, the third about twice as long as wide, and 
longer than the second (4:3); palpifer and two basal segments of palp 
with long setae on ventral surface. Labium with prementum limited 
posteriorly by a fine transverse brown line; palp with two segments, 
the first short and stout, the second twice as long as wide; ligula obtusely 
rounded; mentum and submentum separated by a transverse depressed 
line, each with numerous setae; the buccal surface with two series of 
long dense setae. Terga of mesothorax and metathorax each divided 
into two transverse folds ; terga of first five abdominal segm< nts each 
with three distinct transverse subdivisions and one very attenuated strip 
behind the first subdivision. Pleural region protuberant in a ventral 
direction, finely hairy. Anal cleft longitudinal. Legs (fig. 12) well 
developed, hairy, the coxa of anterior leg with a small, that of middle 
leg with a large, oval smooth yellow plate; the anterior leg slightly 
larger than the middle leg; the posterior leg more abruptly reduced in 
size and more widely separated from its fellow ; tibiae curved and stout, 
especially in the anterior leg; claw short, truncate, with the appearance 
of having been abruptly amputated near the middle leaving only a basal 



stamp. Spiracles oval, annular; the thoracic spiracle situated cm pro- 
thorax near its posterior margin and with an oval shining plate just 
anterior to it; abdominal spiracles subequal. 

The fact that the claws in all six specimens are similar seems to show 
that their truncate appearance is specific and not merely due to injury. 

Subfamily Dinoderinae. 

Larval characters of Dinodcrus and Rhizopertha. —L&brum large, 
nearly as long as wide, bent downwards over mandibles and forming an 
angle with frons; with a pair of slender rods on distal half which do not 
reach to the apex. Epistoma concave. Clypeus narrow. Epipharynx 
with a distinot sclerome. Mandibles with a strong mola-like process 
associated with a curved brush of setae and with a large fleshy appendage. 
Maxilla with a well developed stylet; galea rather slender, setose; palp 
two-segmented with a distinct basal palpiger. Labium with one-seg- 
mented palps ; prementum limited posteriorly by a fine brown transverse 
line; ligula not prominent. Prothorax without lateral rod-like thiol>aa- 
ings. Anterior abdominal terga with only two transverse subdivisions. 
Claws well developed, slender and acute, pigmented. Spiracles annular, 
small, the posterior pair not enlarged. 

The larvae of the two genera can be distinguished as follows:— 

Rhizopertha.—Apex of mandible with three distinot teeth. Ante nna 
with only two well defined segments. Body only slightly curved and 
more weakly enlarged at thjrax. 

Dinoderus .—Apex of mandible obliquely chisel-shaped with only one 
distinct tooth. Antenna with three distinct segments. Body more 
markedly curved and swollen at thorax. 

The larva of Stephanopachys elongatus Pyk., as described by Saalas 
(1923, p. 179) has six ocelli on each side of the head. Ocelli are not 
distinct in Dinoderus and Rhizopertha. 

Rhizopertha dominica F. 

This cosmopolitan species is of chief importance as a grain pest, but 
is not limited to grain; a long series was bred from wood of Artocarpus 
hirsutus sent to Dehra Dun from S. Mangalore, Madras. An account 
of the biology is given by Lesne (1924, p. 52). 

Mature Larva (PI. Ill, figs. 32-36). 

Length about 3 mm. Body only slightly curved and not v«y 
strongly enlarged at the thorax. Setae numerous and conspicuous on 
posterior extremity of body. Head slightly longer than wide, broadly 
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rounded posteriorly. Antenna (fig. 36) with only two distinct segments; 
a basal transverse segment such as is present in Dinodetus apparently 
missing or at any rate not distinguishable from the membranous con¬ 
necting skin; of the two distinct segments the first is cylindrical, dis¬ 
tinctly longer than wide, with four long apical setae, and the second or 
apical segment, is about twice as long as wide, about one-half as long 
as preceding segment and carries on its apex three short setae and a 
narrowly conical ‘ seta.’ Labrum large, more or leas circular, slightly 
wider thau long, anterior margin not very densely setose, a few setae 
present between middle and apex. Epipharynx (fig. 33) with strong 
sclerome, the concave surface apparently granulate or with minute 
teeth; anterior to sclerome is a patch of fine hairs which are directed 
towards sclerome. Mandible (fig. 34) with three distinct teeth obliquely 
arranged at the apex, the distal tooth stronger and more acute; grinding 
surface of pseudo-molar projection coarsely granulate. Maxilla (fig. 35) 
with several rather long and stout setae on galea; lacinia a slightly 
curved spine; maxillary palp with distinct transverse palpiger and two 
segments of which the first is stout, cylindrical and longer than wide, 
the second distinctly longer than the first, more than twice as long as 
basal width and tapering. Labial palp (fig. 35) with only one sub- 
cylindrical segment which is longer than wide. Abdominal terga with 
only two transverse subdivisions.. Legs equal in size, the claw curved, 
brownish from the widened base to the acute apex; the preceding seg¬ 
ment (tibia) with very few setae. Spiracles very small, circular, simple, 
those of thorax slightly larger than those of abdomen. 

Dinodebus. 

Characters of larvae. —Body strongly curved, swollen at thorax. 
Head capsule nearly as wide as long, rounded. Antenna with three 
district segments, the basal one transverse, and a membranous connecting 
skin. Epipharyngeal sclerome not coarsely granulate as in Rhizopertha, 
with numerous fine hairs directed towards the concavity. Mandible 
with apex obliquely chisel-shaped and with only one distinct tooth, that 
at the extreme apex. Legs decreasing slightly in size from prothorax 
to metathorax. Thoracic Bpiracle broadly oval, slightly larger than 
that of first abdominal segment and much larger than the following 
spiracles which are circular. 

Species of this genus are of great importance as borers in bamboo: 
certain species bore in wood; D. distinctus Lesne from the Philippines is 
recorded by van Emden 1 from ( Radix Colombo ’ (Jatrorrkim palmate .). 


1 Jahreaberioht der Caesar & Loreto 1925, p. 208. 
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The correlation of Dinoderm larvae with their adults is cona^ioated 
by the fact that several species usually occur together, at least in l mwhnrt. 
Specific differences appear to be found in the antennae and palps bat» 
detailed comparison must wait until more material is available. 1 

D. ockruceipetmis Lesne (PI. Ill, figs. 28-31) has been reared at Debra 
Dun from a small tree (Murraya komigii ) and from forest, climbers. 
Length of larva about 3 mm. Maxillary palp with apical segment tapering, 
distinctly longer than penultimate segment which is only slightly longer 
than wide. Labial palp rather short and stout, rather less than twice 
as long as wide and less than two-thirds as long as apical segment of 
maxillary palp. Posterior legs only slightly more slender than anterior 
pair; tibia with relatively few setae, a pair of which, on the ventral 
surface, is thicker; the claw is dark brown, curved. 

D, minutus F. is a pest of bamboos in India and is found throughout 
the tropics. Dr. Kalshoven provided me with larvae of this species 
from Javanese bamboos. Maxillary palp with penultimate segment 
about equal in length to apical segment. Labial palp elongate, more 
than twice as long as wide. Anterior pair of legs distinctly stouter than 
posterior pair and with tibia more hairy than in ochraceipenms. 

D. ocellaris Steph. is a bamboo border—Maxillary palp with apical 
segment distinctly longer than penultimate segment. Labial palp nearly 
twice as long as wide. Anterior legs distinctly stouter than posterior 
pair and with distinctly hairy tibia. .The second antennal joint is more 
elongate than in the other species and is weakly constricted near the 
middle. 

D. distinctus L., a Philippine species, is recorded from * Radix 
Colombo ’ by Dr. F. van Emden who kindly lent me his microscopic 
slides of the larva.—-Apical segment of maxillary palp longer than penulti¬ 
mate segment. Labial palp about twice as long as wide. 

Lyctinae. 

Characters of mature larvae. —Body small, curved, enlarged at thorax. 
Head capsule longer than wide, subrectangular, rounded posteriorly, 
epistoma concave. Antennae with a basal connecting membrane, three 
segments and an accessory appendage. Labrum large, bent downwards 
over mandibles, the anterior margin setose, the posterior lateral margins 
with an oblique narrow brownish thickening on each side; a transverse 
fold divides the surface into a smaller weakly sclerotised anterior part 
and a soft skinned posterior part. Epipharynx with a pair of short 
longitudinal rods extending to anterior thickened area of labrum, and 


1 This also applies to Sinoxylon and to some gpeoiee of Lydinmu 
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with a posterior concave sclerome of variable thickness fringed with small 
- hair like projections. Mandible (figs. 17,22) with apical margin curved, 
chisel-shaped, without teeth; with a well developed soft and fleshy 
appendage and with a mola-like projection associated with a curved 
brush; this projection extends upwards and meets its fellow in the 
concave epipharyngeal sclerome. Maxillary palps two segmented, with 
a basal palpiger; mala obtuse, setose, with a slender spine-like ma x i ll a r y 
stylet. Labium with one segmented palps. Prothorax without lateral 
rod-like thickenings. Anterior abdominal terga with only two transverse 
subdivisions. 

Spiracles of eighth abdominal segment oval, very large, always larger 
than those of thorax; spiracles of first seven abdominal segments usually 
very nmn.11 - Legs distinct, apparently with three segments and on the 
two anterior pairs at least, a slender acute spine or claw; the anterior 
pair distinctly stouter than the two posterior pairs. 

The known first stage larvae of Lyctinae differ from mature larvae 
in having a straight body armed caudally with a pair of small spines 
or urogomphi (Boving and Craighead 1931, PI. 102, J; Kojima 1932). 


Key to larvae of Lydinae. 

1. All spiracles large, the posterior pair the largest 
however; thoso of 7th abdominal segment more 

than half aa large aa those of 8th . . . Trogoxyton avncvlatim 

Leene. 

Spiracles of first seven abdominal segments small, 
the seventh pair minute compared with 
.. 


2. Thoraoic spiracle strongly transverse, more than 
twice as long as wide; abdominal spiracles dis¬ 
tinctly elliptioal . 

Thoracic and abdominal spiracles broadly elliptical 
or .. 


Minthea rugicoUis Walk. 

(3) 


3. Posterior abdominal spiraole larger, at least twice 

as large as thoracic spiracle ♦ . • • w 

Posterior abdominal spiracle relatively small, not 

more than 1*5 times as large as thoracic spiracle. Lydoryfon j aponum Koi t. 

4. Spiracles with small but distinct marginal lobe. 

Second segment of antenna longer than wide . Lyctus brunneus Steph. 

Spiracles without marginal lobes . - . • ( 5 ) 

8. Metathoraeic leg terminating in an attenuated 

hyaline spine. Lyctus fueaus L. 

Metathoraeic leg without slender apical spine . Lyctus afriemus Lesne. 


Trogoxylon auriculatum Lesne. 

Larvae were taken from dry steins of a creeper, Combretum decan - 
drum, Dehra Dun (J. C. M. G.); beetles were reared. The species also 
occurs in Shorta robusta, and many other trees. 
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Larva (PI. H, figs. 21-23). 

Length about 3 mm. Body curved, enlarged in thoracic region. 
Setae extremely small and inconspicuous except on parts of heed, legs 
and pleural region. Antenna (fig. 21) with second segment longer than 
wide ; apical segment slender, distinctly longer than second, cylindrical, 
slightly expanded at the base; accessory appendage very slender, elongate, 
about half as long as apical segment. Epipharyngeal sclerome weak, 
scarcely pigmented, with minute skin points on each side. Maxillary 
mala with several apical setae some of which are wide; maxillary stylet 
short and fine. Mandible (fig. 22) seen in lateral view, rather elongate, 
the apex weakly expanded, chisel shaped; the mola-like projection .not 
very strong. Spiracles (fig. 23) broadly elliptical to subcircular, without 
marginal lobes and all relatively large; the posterior pair the largest 
however, about 1*2 times as wide as thoracic spiracle; abdominal spira¬ 
cles all large but slightly variable in size, that of first segment, oval, 
very nearly as wide as the subcircular thoracic spiracle. Anterior leg 
with numerous setae and with a long very fine acute daw; middle leg 
with an acute claw; posterior leg blunt with several very long setae. 

This larva is very distinct, the most striking peculiarity being the 
relatively large spiracles of abdominal segments 1-7. 

Lyctus brunneus Steph. 

Three larvae from Java were provided by Dr. Kalshoven. The 
species occurs in India. 

Larva (PL II, figs. 25-27). 

Length about 5 mm. The skin with a rather dense covering of setae 
which are extremely short for the most part, longer on protuberant 
pleural region; also minutely irregular and on caudal segments, with 
minute points. Head about 1*0 mm. in length and 0-75 mm. in width. 
Antenna (fig. 26) with segment 1 transverse ; segment 2 distinctly longer 
than wide, nearly as long as segment 3 which is equal in length to termi¬ 
nal segment of maxillary palp; appendage short, conical, about one- 
third as long as segment 3. Maxillary mala (fig. 27) with slender curved 
stylet near the base of which is a group of three curved setae; apical 
segment of palp about twice as long as width of slightly expanded basal 
half; basal segment slightly longer than wide. Labial palp (fig. 27) 
stout, slightly narrowing towards apex and almost equal to apical seg¬ 
ment of maxillary palp. Spiracles (fig. 25) subcircular except the 
posterior pair which are twice as wide as those of thorax ; the remaining 
spiracles small, those of fifth abdominal segment the smallest, about one- 
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fifth as wide as thoracic spiracles; a small lobe projecting from the margin 
is vary distinct on the anterior spiracles. Prothoracic leg stout with 
long fine daw; mesothoracic and metathoracic legs more slender, with 
attenuated weak claw and numerous long fine setae. 

This larva is distinguished by the shape of the spiracle, elongate 
second segment of antenna and rather dense pubescence. 

The egg and early stage larvae of this species are described by Altson 
{1922,1923). 

Lyctds vuscus L. {linearis Goeze). 

Described from two larvae from Leipzig, Germany, provided by Dr. 
¥. van Smden. This species has not yet been recorded from India. 

Lam (PI. II, fig. 20). 

Body setae numerous but very short and inconspicuous except on 
legs and pleural region. Antenna (fig. 20) with segment 2 weakly trans¬ 
verse, shorter than segment 3 which tapers towards the blunt, apex; 
appendage moderately slender not extending to middle of third segment. 
Epipharyngeal sclerome strong. Maxillary stylet, a strong curved spine. 
Thoracic spiracle nearly circular; spiracles of abdominal segments 1-7 
very small, of segment 8 very large, oval, three times as wide as thoracic 
spiracle. Anterior leg with a longer slender spine; middle leg with a 
shorter spine; posterior leg also ending in a still shorter but distinct 
acute spine. 

The early stages of this species are described and figured by Kojima 
(1932). 

Lyctoxylon japonum Reitt. 

Larvae were taken, with those of Minthm rugicoUis from bamboo, 
Chepauk, Madras. The two species of larvae were identified from 
exuviae taken from pupal chambers with the associated, nearly mature 
beetles. 

Larva (PI. II, figs. 13,14). 

Length about 3 mm. Antenna (fig. 14) with second segment trans¬ 
verse ; segment three elongate; appendage weakly fusiform reaching to 
about the middle of the third segment. Spiracle of abdominal segment 
8 about 1-5 times as wide as the broadly elliptical thoracic spiracle; 
spiracle of first seven abdominal segments very small, nearly circular. 
Metathoracic legs without an apical spine, blunt, with few long hairs. 

The posterior abdominal spiracles are smaller in relation to the 
thoracic spiracles than in other species with the exception of Trogoxylon 
awiouiatum. 
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. Minthea euoicolus Walk. 

Larvae were taken from bamboo, Chepauk, Madras; Lydoxyhn 
japemm was reared as well. 

Larva (PL II, fig. 24). 

Length about 3 mm. Body setae sparse except on pleural region. 
Antenna (fig. 24) with segment 2 not longer than wide, distinctly shorter 
than segment 3 and more than twice as long as the appendage. Spiracles 
without a marginal lobe; that of thorax narrowly oval, more than twice 
as long as wide; abdominal spiracles oval, the posterior spiracle nearly 
twice as wide as that of thorax. Legs with fine apical spines, on first- 
two pairs; the posterior legs with a fine hyaline point. 

This species is distinguished from other Lyetime by the more narrowly 
oval spiracles. 

Lyctus africanus Lesne. 

Larvae were taken from bamboo, Najibabad, U. P. 

Larva (PL II, figs. 15-19). 

Length about 3 mm. Body setae sparse and very short except on 
pleural region. Head as in fig. 16. Antenna (fig. 15) with segment 2 
weakly transverse, the appendage about one-half as long as segment 3. 
Labrum and epipharynx as in figs. 16 and 18. Mandible as in fig. 17. 
Spiracle (fig. 19) without marginal lobe, the posterior pair widely oval, 
about 2-5 times as wide as thoracic pair; anterior spiracles widely oval 
to almost circular. Metathoracic legs terminating in a soft rather blunt 
point, not attenuate. 

Bostrychinae. 

Characters of mature larvae .—Head Bubrectangular, longer than wide, 
anteriorly more or less rugulose, pigmented near mandibular articula¬ 
tions. Antennae salient (except Apatini ), the two distal segments 
sometimes fused. Labrum distinctly transverse, the anterior margin 
setose. Epipharyngeal rods strong, hook-shaped. Epipharynx without 
sclerome. Mandible stout, apically gouge-shaped, at most with vestiges 
of ' fleshy appendage \ Maxillary palp with two segments borne on a 
distinct palpiger; a free maxillary stylet present or not. Labial palp 
with two segments. Prothorax with a distinct rod-like thickening on 
each side. Anterior abdominal terga with three transverse folds. 
Spiracles oval, those of 8th abdominal segment not larger than those of 
thorax. Anterior legs stouter than the others; all legs with acute more 
or less sderotized claw. 



I Save not detected ocelli in mature larvae, but a pair is present in 
fawnntare larvae of Heterebostryckus aequalis. 

Larvae of the Apatini are absent in this collection but from Leslie's 
descriptions (1924, pp. 239, 255) they are distinguished from other 
groups by the antennae which are reduced to vestiges of the usual three 
segments borne on a sclerotized and rigid basal convexity. 

Key to tribes of Bostrychime. 

1. Maxillary mala with a freely projecting stylet . (2) 

Maxillary mala without a free stylet . . . Xylofketn lni. 

2. Second and third segments of antenna fused . . Sinoxylonini. 

Second and third segments of antenna not fused . Bostbychihi. 


Key to species of Bostrychini. 

1. Mandible with a small ‘ fleshy appendage * and a 

small flexible rod-like projection . . , Schistocero* mwbimdes 

Water. 

Mandible without rod-like projection; * fleshy 
appendage * minute or absent. . . . (2) 

2. Second segment of antenna transverse. * Fleshy 

appendage ’ minute but distinct . . . Bosfrychopm pardkla 

Lesne. 

Second segment of antenna longer than wide. 

‘ Fleshy appendage * not evident * • . (3) 

3. Thoracic spiracle large, two-thirds width of labrum. 

Second segment of antenna more elongate, more 
than 1 *5 times as long as wide . . . (4) 

Thoracic spiracle small, one-third width of labrum. 

Second segment of antenna stouter, less than 

1*5 times as long as wide .... Heterobostrychus aequalis 

Water. 

4. Second segment of antenna very long, about three 

times as long as wide ..... Ileterobostrychus hamatipen « 

, nis Lesne. 

Second segment of antenna moderately long, 

nearly twice as long as wide .... Heterobostrychu* pil&Uus 

Lesne. 

SCHISTOCEROS ANOBIOIDES WATER. 

Larvae were taken from Holarrhena antidysenterica, Ranchi, Bihar 
and Orissa. 


Larva (PI. IV, fgs. 43, 44). 

Length of head capsule 5-5 mm.; width 3-9 mm. Antenna with basal 
segment short, subglobular; the second weakly widened in apical Wlf, 
elongate, about three times as long as wide. Mandible (fig. 44) with 
a small slender appendage extending from upper basal angle of inner 
face and associated with a small * fleshy attachment ’. 

Maxillary mala with dense moderately long hairs; palp with hmmj 
segment cylindrical, longer than wide; apical segment distinctly wider 
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near the base. Prementum densely hairy on each side. Ligula with 
two dense groups of rather long setae. Body skin with scattered fine 
and rather short setae. Claws well developed on all legs; anterior 
legs much stouter than the others but not longer; tibia of posterior pair 
slightly longer than those of the others; all tibiae with reddish setae 
which are especially dense on the anterior pair. Thoracic spiracle two- 
thirds as wide as labrum and twice as wide as last abdominal spiracle 
which is itself slightly smaller than that of the first abdominal segment. 

BO8TRYCHOPSIS PABALLELA LeSNE. 

Described from larvae taken from Dendrocahmus strietw, Najibabad, 
U.P. 


Larva (PI. IV, figs. 50, 51). 

Length about 10 mm. Head capsule 2-8 mm. x 2*3 mm. Antenna 
(fig. 51) short, the two basal segments transverse, the first a little longer 
than the second, the apical segment longer than wide; appendage very 
small. Mandible (fig. 50) with a very small soft protuberance near the 
upper basal angle of the ental face. Maxillary palp with basal segment 
cylindrical, longer than wide and longer than the tapering apical segment. 
Thoracic spiracle rather small, one-third as wide as labrum. All legs 
with pigmented claw. 

The small soft protuberance of the mandible is still smaller than 
that of Schistoceros and also difiers in not having the associated slender 
projection of the latter. 

HeTEBOBOSTKYCHUS HAMATIPKNNIS LjSNSE. 

Larvae were extracted from Maliolus pMippinensis, Debra Dun, 

U.P. 


Ijarm (PI. IV, figs. 4749). 

Length about 17 mm. Body setae extremely short and inconspicuous 
except on legs, pleural region and on caudal segment where they are 
moderately long. 

Head (fig. 47) rectangular, the posterior margin slightly curved; 
ength (to epistoma) 3*5 mm., width 2*8 mm.; anteriorly rugulose, cas- 
aneous near mandibular articulations. Without distinct ocelli. An¬ 
emia (fig. 48) with three brown segments; the first short, weakly trans¬ 
verse ; the second widened on apical half, very long, rather more titan 
>hree times as long as width near base; third segment s m all, slightly 
nore than one-fourth as long as second; accessory appendage about 








PLATE III. 

Dinoderime and Sinoxylonini. 

Figs. 28-31. Larva of Dinoderue ochraceiptnnie Lesne, 

28. Lateral view. 

29. Maxilla and labia m ; et, stylet. 

30. Head. 

31. Mandible; Im, * fleshy appendage \ 

Figs. 32-30. Larva of Bhizopertha domxnica F. 

32. Claw of anterior leg. 

33. Epipharynx. 

34. Mandible. 

35. Maxilla and labium; et, stylet. 

36. Antenna. 

Figs. 37-42. Larvae of Sinoxylon spp. 

37. 8. sudanioum Lesne, antenna. 

38. 8. atratum Lesne, antenna. 

39. 8. atratum Lesne, maxilla ; et, sty 1st. 

40. 8. oleare Lesne, antenna. 

41. 8. crassum Lesne, antenna. 

42. 8. crassum Lesne, mandible, lateral viev. 






PLATE IV. 

Bostmjchini and Xyloperthini. 

Figs. 43, 44. Larva of SchUtoceros anobiouU * Waterh. 

43. Lateral view. 

44. Mandible; Im, fleshy appendage. 

Figs. 45, 46. Larva of Beterobostrychus aegualis Waterh. 

45. Antenna. 

46. Labrum and olypeus; er, epipharyngeal rod. 

Figs. 47-46. Larva of HeUrobostrychus hamatipennii lesne. 

47. Head. 

48. Antenna. 

49. Maxilla and labium ; st, stylet. 

Figs. 50, 51. Larva of Bostrychopsis paraUda Lesne. 

50. Mandible, inner face; lm f vestige of fleshy appendage. 

51. Antenna. 

Fig. 52. Larva of Beterobostrychus pileatus Lesne, antenna. 

Figs. 53, 54. Larva of Xylothrips flavipu HI. 

53. Head. 

54. Antenna. 

Figs. 55, 56. Larva of Xylopsocus capucinus F. 

55. Antenna. 

56. Maxilla. 

Fig. 57. Larva of Xylodectes omatus Lesne, antenna. 

Fig. 58. Larva of Micrapate dmplicipennis Lesne, antenna. 
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one third as long as apical segment. ClypeuB well developed, with 
a transverse group of eetae on each side. Labrum transverse, 
the anterior margin with short dense red setae; the posterior margin 
thickened, brown and connected with two rods which extend back to ' 
epistoma; a pair of hook-shaped rods is associated with the posterior 
margin. Epipharynx with an anterior hairy lobe on each side. Maxilla 
(fig. 49) with mala stoat, with short dense apical setae and stoat blackish 
njtaillary stylet; palpiger stout, setose; palp with basal segment longer 
tnan wide and slightly longer than the blunt apical segment which is 
weakly enlarged basally. Labium with wide setose ligula; the two palp 
segments nearly equal in length; prementum limited posteriorly by a 
transverse brown line. Mandible short and stout, the apex curved, 
chisel-shaped; apparently without * fleshy appendage’. Legs with 
reddish setae; the anterior pair distinctly stouter than the middle pair 
which is slightly stouter than the posterior ; anterior leg with a straight 
dark brown acute claw; middle and posterior legs each with a more 
slender claw. Thoracic spiracle large, twice as wide as the posterior 
abdominal spiracle and two-thirds as wide as labrum. 

• 

HeTEROBOSTRYCHUB AEQUALIfl WATER. 

Larvae were extracted from Parashorea stdlata, Rangoon, Burma ; 
Dr. Kalshoven also provided specimens from Java. 

Larva (PL IV, figs. 45, 46). 

Length about 11 mm. Length of head capsule about 2*3 mm. 
Antenna (fig. 45) with second segment stout, widest near the middle, 
much less than twice as long as wide. Thoracic spiracle small, about 
one-third as wide as labrum. Labrum and clypeus as in fig. 46. 

Heterobostrychus fileatus Lesne. 

Larvae were extracted from Garuga pinnata, Jarwa, U. P. 

Larva (PL IV, fig. 52). 

Length about 12 mm. Length of head capsule about 2'4 mm. 
Antenna (fig. 52) with second segment about twice as long as wide. 
Thoracic spiracle large, about two-thirds as wide as labrum. 

Xyloperthini. 

Mat ure larvae of this group differ from other Bostrychinae in having no 
. free maxillary stylet (fig. 56). The second and third antennal segments 
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are apparently fused as in the Sinoxylonini, the small conical accessory 
appendage is retractile. The anterior legs are distinctly stouter than 
the others; attenuate claws are present on all legs. Maxillary mala 
setose, some of the apical setae flattened and truncate. Mandibles short 
and stout, apically rounded. The labrum about twice as wide as long 
in Micrapate, still more transverse in the other species. Bo far as the 
larvae are concerned Xylodec.'es, Xylopsocus and Xylotkrips are closely 
allied and only characters of specific value seem to be present. Micra¬ 
pate is included in this group because the larva has no free maxillary 
stylet. 

The larval characters of Scobicia declivis Leconte are described in 
detail by Boving (1922). The first stage larva of this species differs 
from the mature larva in having a straight body, rudimentary legs and 
a median spur on the ninth abdominal segment. 

Key to species. 

1. Antenna very small, the three segments together 

shorter than the two-segmented maxillary 

palp. Micrapale simplicipennis 

Lesne, 

Antenna longer than maxillary palp . . . (2) 

2. Basal segment of maxillary palp distinctly shorter 

than apical segment . . . * . . (3) 

Basal segment of maxillary palp subequal to apical 

segment. Xylotkrips flavipes Ill. 

3. Segment 2 of antenna only slightly longer than 

wide ........ Xylopsocus capucimat F. 

Segment 2 of antenna much longer than wide . Xyhdeetes ormtu* Losne. 


Micrapate simplicipennis Lense. 

(PI. IV, fig. 68). 

Larvae and beetles were obtained from dry wood, Dehra Dun. 
Length about 5 mm. Head moderately elongate (-90 mm. x '78 mm. ). 
Antenna (fig. 68) very short, not as long as maxillary palp; the second 
segment transverse, the third about as long. Apical segment of maxil¬ 
lary palp longer than basal. 

Xylothrips flavipes III. 

(PI. IV, figs. 68, 54). 

Larvae and bettles from Java were provided by Dr. Kalshoven. The 
species bores in Skorea robusta and other timbers ip India. Length 
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about 10 mm. Head (fig, 53) rectangular, elongate (2*0 nun, X 
1*6 mm.). Antenna (fig. 54) distinctly longer than maxillary palp, the 
second segment about twice as long as wide. Basal segment of maxillary 
palp nearly as wide as long and very nearly as long as apical segment. 
Thoracic spiracle about two-thirds as wide as labrum. 


Xylopsocus capucinus F. 

(PI. IV, figs. 55, 5G). 

Larvae and beetles from Java were provided by Dr. Kalshoven. 
The species occurs in India. Length about 6 mm. Head about 1*2 
mm. in length. Antenna (fig. 55) with second segment stout, only 
slightly longer than wide. Basal segment of maxillary palp (fig. 56) 
transverse, shorter than second. 

Numerous beetles of X. capucinus F. and one of X. radida Lesne 
were reared from Terminalia myriocarpa from Sadiya, Assam; extracted 
larvae differ from those described above in having the second antennal 
segment strongly transverse and may be X. radula. 


Xylodectes ornatus Lesne. 

(PL IV, fig. 57). 

Larvae were obtained from Mallotus philippinensis, Dehra Dun. 
Length about 6 mm. Head 1*3 mm. in length. Antenna (fig. 57) with 
second segment about 1*5 times as long as wide. Basal segment of 
maxillary palp slightly transverse, shorter than second. 

Sinoxyloniui. 

Characters of larvae {Sinoxylon ):—Antenna with three segments the 
basal one short, the second apparently fused with the more slender, 
digitiform third segment; accessory appendage distinct, elongate conical. 
Mandible (fig. 42) short and stout, apically gouge-shaped, rounded. 
Maxillary palps two-segmented, borne on a basal palpiger; maxillary 
stylet (fig. 39) well developed. Prothorax with a distinct * lateral rod ’ 
on each side. Anterior abdominal terga with three transverse subdivi¬ 
sions. Spiracles oval the posterior pair small. Anterior legs much 
stouter than the others, all with claws. 

The head is almost rectangular, more or less rugulose anteriorly and 
brownish near the mandibular articulations. Clypeus with a few setae 
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on each side. Labrum transverse, anteriorly setose. Epipharynx 
soft skinned, the epipharyngeal rods distinct. 

The larva of this genus are very much alike, but specific differences 
are found in the second antennal joint which varies from transverse 
(ohare, capillatum) to twice as long as wide {mlanioum). 

S. CAPILLATUM LESNE. 

Larva: Length of head 1*8 mm. Second segment of antenna short 
and stout, not longer than wide. Maxillary palp with basal, segment 
weakly transverse, subequal in length to second which is less than twice 
as wide as long. Claw of metathoracic legs very fine, acuminate, 
brownish. (Larvae from dry stems, Dehra Dun, J. C. M. G.). 

S. OLEABE LESNE. 

Larva: Length of head 1*4 mm., width 1*0 mm. Second segment of 
antenna (fig. 40) short and stout, hardly longer than wide. Maxillary 
palp with basal segment transverse, shorter than second which is less 
than twice as long as wide. Claw of metathoracic leg relatively short and 
stout, not acuminate. (Larvae from a dry climber, Dehra Dun, J. 
C. M. G.). 

S. SUDANICUM LESNE. 

Larva: Length of head 1*8 mm. Second segment of antenna (fig. 
87) elongate, about twice as long as wide. Both segments of maxillary 
palp elongate, subequal in length, the apical one twice as long as wide. 
Claw of metathoracic leg fine, acuminate. (Larvae from dry Mallotus 
philippinemis, Dehra Dun, J. C. M. G.). 

S. ATRATUM LESNE. 

Larva: Length of head 1*7 mm. Second segment of antenna 
(fig. 38) elongate, but less than twice as long as wide. Basal segment of 
maxillary palp (fig. 39) transverse, distinctly shorter than apical segment 
which is less than twice as long as wide. Claw of metathoracic leg 
subacuminate. Larvae from dry sticks, Coimbatoro, Madras, J. C. 
M. G.). 

S. AN ALE LESNE. 

Larva: Length of head 1*8 mm. Second segment of antenna about 
1*5 times as long as wide. Basal segment of maxillary palp weakly 
transverse, shorter than apical segment which is less than twice as long 
as wide. Claw of metathoracic leg very fine, acuminate. (Larvae from 
Java, L. G. E. Kalshoven and from Dehra Dun, J. C. M, G.). 
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S. 0RAS8UM LeSNE. 

Larva: Length of head 2*4 mm; width 1*8 mm. Second segment 
of antenna (fig. 41) about three-fifths as wide as long. Basal segment 
of maxillary palp subequal to second which is less thrnx twice as long 
as wide. Mandible as in fig. 42. Claw of metathoracic leg not acumi¬ 
nate, comparatively stout, brownish (Larvae from fuel wood, Dehra 
Dun, G. D. Bhasin). 
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PLATE 1. 

Apoleoninae; Psoinac . 

Figs. 1-6. Larva of Apoleon edax Gorham. 

1. Labium and left maxilla. 

2. Prothoracio leg. 

3. First and second abdominal segments, lateral view, 

4. Mandible; lm f fleshy appendage. 

5. Thoracic spiracle. 

6. Antenna. 

Figs. 7-12. Larva of Heterarthron feanus Lesne, 

7. Larva, lateral view. 

8. Mandible; Im, fleshy appendage. 

9. Antenna : bm f basal connecting skin. 

10. Labrum and clypous. 

11. E pi pharynx. 

12. Legs : a, prothoracio ; 6. mesothoracic ; c, motathoraoio. 




PLATE II. 


Lyctime . 

Figs. 13-14. Larva of Lyctoxyfon japonum Reitt. 

13 . Lateral view. 

14. Antenna. 

Figs. 15-19. Larva of Lyctu* africanus Lean©. 

15. Antenna. 

16. Head. 

17. Mandible; 2m. fleshy appendage. 

18. Epipharynx. 

19. Spiraoles of thorax, first and eighth abdominal segments. 
Fig. 20. Larva of Lyctusfuscus L., antenna. 

Figs. 21-23. Larva of Trogoxylon auriculatum Lesne. 

21. Antenna. 

22. Mandible. 

23. Spiracles of thorax, first and eighth abdominal segments. 
Fig. 24. Larva of Minthea rugicollis Walk, antenna. 

Figs. 25-27. Larva of Lyctus brunneue Steph. 

25. Spiracle of first abdominal segment. 

26. Antenna. 

27. Maxilla and labium, st, maxillary stylet. 
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Some species like Andaman padauk (Ptencarptu dalbergioides) have 
already established their worth even inforeign markets. 

In the search for substitutes for tes&k, the possession of knowledge as 
to the merits and demerits of other species became of paramount 
importance. The qualities of teak have long been known through 
continued usage, but the qualities of other species could only be deter* 
mined after many years of study and research. Such work requires the 
expenditure of much money and high technical skill on the part of the 
offioer conducting it, and cam only be accomplished through Government 
agency. This fact was recognised by the Government of India who 
inaugurated the Timber Testing Section in 1921 under the able direction 
of Mr. L. N. Seaman. The results of ten years of patient and continuous 
work are now presented to the public, and tost data on 129 species from 
different parte of India are included in this report. With these data it 
is now possible to compare the properties of these woods with teak, and 
with each other, and thereby to arrive at sound conclusions as to the best 
timber to use for any specific purpose. 

The information given in this report is also of particular service in 
another direction. India imports every year enormous quantities of 
small articles manufactured from foreign timbers. To take for instance 
only a single example, the East Indian Railway purchases three to four 
lakhs of tool handles annually, and the requirements of all the other 
Indian railways, docks, mines, mills, etc., are estimated to run into 
millions. Most of the tool handles used are of imported ash or hickory. 
It is possible to select, by the aid of test data, a dozen indigenous species 
which can probably be substituted for the imported timbers. Special 
tests made on these lines showed that the following species viz. Heritiera 
minor (sundri), Sageraea listen (chooi), Berrya ammomUa (Trincomalee 
wood), Anogeissus latifolia (axlewood), Schleichera trijuga (kmutn), Ano- 
geissus acuminata (yon), Grewia tUiaefolia ( dhaman), Olea ferruginea 
(Indian olive or km), arid Parrotia jaoquemontiana (parrotia) were 
all suitable for hammer handles. These species have since been re¬ 
commended for inclusion in the Railway Board specifications for tool 
handles. 

Other articles such as bobbins, weft pirns, picker arms, shuttles, etc., 
are imported in large quantities every year for which suitable substitutes 
of Indian woods could be found. There is, however, a certain amount of 
prejudice among the users of these articles against Indian woods, pro¬ 
bably because some of the woods that had been tried before, without 
having reliable knowledge of their properties, were found to be unsuitable 

In these days of economic stress, when no efforts should be spared to 
exploit the resources of the country and to utilize indigenous products* 
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toptot "wSI perhaps serve a useful purpose if the results presented 
«dp »®«jve these prejudices and make the substitution of Indian 
timbers for imported wood easier. 

It has been found by experience that the majority of lay readers, 
businessmen and forest officers have not the time not the patience to 
Mad through long technical and theoretical reports, but are, nevertheless, 
interested as practical men in knowing the merits of one species over 
another for a particular purpose. < They tfo not wish to know the actual 
stresses or the quantitative data, but require merely to compare the 
diderent woods in some simple manner. The first part of this report 
which is called ‘ Popular Treatment ’ is especially written for such 
readers. The subject is here presented in as simple and non-technical 
a form as possible, reserving all technical discussions and methods of 
calculation for the second part which is entitled “ Technical Treat' 
ment ”. In this part the more advanced technical readers will find 
detailed information about timber tasting and the data necessary for 
designing structures and working out strength figures for all purposes. 

Strength data presented in this report have been revised and brought 
up-to-date and supersede similar data published before. 


4 


[You xm 


tndim Forest Fecords. 

* 

2. REVIEW OP WORK DONE. 

The First. Interim Report on the work of the Section of Timber 
Testing was published in 1924 and presented the results obtained up to 
the end of 1922. The Second Interim Report was published in 1926 
and gave the results of tests up to the end of 1924. Up to that time, 
only 18 species had been tested in the green condition, and 9 each in 
air-dry and kiln-drv conditions. After 1924, the Timber Testing Section 
was considerably expanded and more rapid progress was made. This 
Third Interim Report presents an account of the progress made up to 
the end of March 1932. Altogether, 146 consignments have been tested 
each in green, air-dry and kiln-dry conditions, and their physical and 
mechanical properties have been computed. The results of testa in the 
green and air-dry conditions are given in the table of results in Part II. 
The results in the kiln-dry condition arc not given in this report as kiln 
seasoning has still only a limited application in India. Any one interested 
in kiln dried material can, however, obtain the test results on application 
to the Forest Research Institute, Dehra Dun. 

The material for test was collected from all parts of India, the contri¬ 
bution from each province being as follows :— 


Burma 

Madras 

United Provinces 
Bengal 
Andamans . 
Central Provinces 
Bihar and Orissa 
Assam 
Punjab 
Bombay 
Kashmir State 
Chamba State 


consignments.* 

28 

26 

24 

13 

12 

11 

10 

7 

6 

6 

2 

1 


Total . 146 

consignments. 


In the Tables, the strengths of 140 consignments only are given, 
those that were incomplete and others that reached Dehra Dun in a 
damaged condition having been omitted. 

The number of different species of indigenous woods tested is 120. 


*A “ consignment ” oonsiete at five logs each nine feet tong. 
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Moot species have been chosen lor test from the provinces where they 
are most abundant or commercially important. But it is the intention 
later to test each species separately from all the provinces where it is 
available in commercial quantities (as shown in the. Appendix, Table 
No. 2) as strength is often affected by local conditions. For instance, 
teak from the Central Indian region is weaker than teak from Burma or 
Malabar, but it often has a more ornamental appearance. 

Thanks are due to the different provinces that have taken an interest 
in the work and have encouraged us by sending test material. It will be 
seen from the above list of contributions that Burma, Madras, and the 
United Provinces have sent and are still sending many species for test. 
From the data obtained from these tests they have been able to put on 
the market, for constructional purposes, timbers that were hitherto used 
only for minor works. 

Table No. 2 in the Appendix shows the species of timber received for 
test at Dehra Dun, and the progress of the work. It also indicates the 
provinces in which the timber is of economic importance. 



ft Indian Forest beamte. [Von, itVfit 

3. EXPLANATION AND TABLE 01 SUITABILITY FIGURES. 

As stated in the Introduction, although the tables of strengths given 
at the end are of value to engineers, they convey little information to 
persons who have not acquired a technical training. In order to make 
the results of testing more serviceable to the timber producer and timber 
user in general. Table No. 1 has been prepared. This table affords an 
easy comparison between different woods, and transforms the more 
technical data into a form which is at once intelligible to the layman. 

How Table 1 is calculated. 

For this purpose, values of eight of tho most important properties 
are given in this table. These values are called “ suitability figures ” 
and are intended to indicate the suitability of a timber for particular 
uses. The calculation of each figure is based on all the strength functions 
bearing upon the usefulness of the timber for the particular purpose 
under consideration. Taking for instance the property “ strength as a 
beam”, three functions, viz. modulus of rupture and fibre stress at 
elastic limit in static bending, and fibre stress at elastic limit in impact 
bending, are combined, after multiplying them by adjusting and weight¬ 
ing factors. Suitability figures are calculated in this way for every 
species tested, and the values expressed as percentages of the correspond¬ 
ing values for teak which is taken as the basis of comparison because 
it is the most widely used, important, and best known Indian timber. 
A disoussion of the adjusting and weighting factors referred to above, 
and sample calculations, are given in detail in Part II. It may here be 
sufficient to point out that the determination of these factors is the result 
of long experience and careful study of the properties of timber. 

Limitations of suitability figures. 

The values given in this table are not concrete but are only index 
numbers. Teak is taken as 100 in every case. When in the table the 
suitability figure for strength as a beam for Acacia arabica (babul) is 
given as 120 it means that babul is 20 per cent stronger than teak in this 
particular respect. In the same way, the suitability figure of 70 for 
reteution of shape means that babul is inferior in this respect, keeping its 
shape only 70 per cent as well as teak. Other properties are similarly 
indicated. 

It will be noted that the figures given in Table I are useful for com¬ 
parison only and give the relative position of a particular speoies among 
other woods considered with regard to any special use. They must not, 
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be wed for engineering calculations. For tins purpose the 
strength functions given in Table 3 in Part II may be used with proper 
Mfety factors. A table called “Safe Working Stresses” has been 
prepared for engineers’ use in structural design and is published in tbe 
report on “Strength Tests of Indian Timbers in Strnctural Sises” 
(Indian Forest Record, Vol. XVII, Part VII, 1933). 

It must be remembered that tbe values given in this publication refer 
to strength properties only. Although strength is an essential quality, 
there are others such as seasoning properties, easy workability, durability, 
appearance, availability in particular localities, cost, etc., which should 
also be studied. The table of suitability figures enables the best selection 
to be made, with regard to strength, from among the available species 
which are satisfactory in other respects. 


Explanation of the suitability table. 

In column 1, the serial number is given, the species being arranged in 
alphabetical order. The name of the species is given together with the 
trade name or common vernacular name in the second column, and the 
locality from which material for test was obtained is shown in the third 
column. 

The weight of the wood as compared to teak (both at 12 per cent 
moisture content), is given in column 4. 

In column 5, the figures listed show the strength of the wood as 
compared with teak when used as a beam. Three different properties 
have been taken into consideration as stated above for deriving these 
figures. 

In column 6, figures for the stiffness of wood when used as a beam are 
given. If the’figures are high, they indicate that the wood is stiff, i.e., 
that its deflection under a given load is comparatively small. Moduli of 
elasticity in static bending and in impact bending have been employed 
in this case. 

In column 7 , t values for the suitability of wood when used as a column 
are given. Oompressive stress at elastic limit and maximum crushing 
stress in compression parallel to grain, and modulus of elasticity in static 
bending, have been considered in computing these figures. 

In column 8, the shock resisting ability of tbe different woods is given. 
For certain purposes such as poles of vehicles and implements, handle 
etc., woods having great resilience are required. Such woods are indi¬ 
cated by the figures under this heading. Work to maximum load and 
total work in static bending, and the maximum height of drop in impact 
hanging have been made use of in this case. 
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In column 9, the ability of different woods to retain their shape after 
seasoning is stated in comparison with teak, which is superior to almost 
all other woods in this respect. Shrinkage from green fc. oven-dry 
condition in volume and in the radial and tangential directions has been 
taken into account here, together with the ratio of tangential to radial 
shrinkage. 

In column 10, comparative figures for shear arc.' given, calculated from 
values of radial and tangential shearing strengths. 

In column 11, comparative values for hardness are shown. Com¬ 
pressive stress at elastic limit in compression perpendicular to grain, and 
hardness of radial, tangential, and end surfaces have been used in cal¬ 
culating these figures. 

The suitability figures are calculated by combining the results of tests 
m both the green and air-dry conditions as shown in Chapter 8, Part II. 
Those for Artocarpus ckaplasha and Gasuarim eguisetifolia are based on 
tests of material in the green condition only, as strength values in the 
air-dry condition are not yet available for these species. These values 
are therefore tentative and are printed in italics to distinguish them from 
the values for other species which are obtained from more complete data. 

The values for shock resisting ability for Anogeis&us latifolia from 
Madras and for Dipterocarpus tuberculatus from Burma are not given in 
the table as data are not yet available. 
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t Data not yet available. 
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l STICK DIAGRAMS OF TIMBER SUITABILITIES. 

Long lists of tests data are rarely studied by the average reader even 
when expressed in the simplest form possible. Graphical representations 
of variable quantities are more readily grasped in such cases. A board 
Was, therefore, prepared on which the suitability figures for various 
species of timber were indicated by small sticks of the species concerned 
proportional in length to the quality represented. This board has 
proved to be very popular as it affords a means of visualizing the rela¬ 
tive merits of different species. It has already been copied for use in 
Museums. It has, therefore, been decided to present in this report 
timber suitability figures in the form of the popular “ stick ” diagrams. 

In the following diagrams the lengths of the “ sticks 99 are propor¬ 
tional to the suitability figures which are also written on them. A dotted 
line across the “ sticks ” shows the value for teak taken in every case 
as 100. 

The suitability diagrams for Artocarpus chaplasha and Casmrim 
equisetifolia, because the figures have been derived from tests of green 
material only, are cross-hatched in a different way to distinguish them 
from other species for which the values are based on more complete 
data. 

The values for shock resisting ability for Anogeissus latifolia from 
Madras and for Dipterocarpus tvbefculatus from Burma are not given 
in the diagrams as data are not yet available. 
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Fig 1^ 

j Data not y^Javailable 
* Based on tes?s of Green material only 
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Fig 2 

Based on tests of Green material only 
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TIMBER SUITABILITY 
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PART n. 

1. METHOD OF TESTING. 

Scope of the work. 

* The. study was undertaken in order to provide:— 

(a) Reliable data npon which to base comparisons of the various 

species of wood with reference to their mechanical, physical 
and anatomical properties. 

(b) Data to be used in conjunction with other data derived from 

tests of timbers in structural sizes for the establishment ol 
correct strength functions and working stresses for various 
timbers. 

(c) Data from which it will be possible to ascertain the relations, if 

any, which exist between the various mechanical properties 
and the fundamental physical and anatomical characteristics. 

(d) Data upon which may be based analyses of the influence upon 

the mechanical, physical, and structural properties of timbers 
of such factors as— 

(1) Locality where grown, 

(2) Position of the timber in the tree radially—distance and 

direction from the pith, 

(3) Height of timber in the tree. 

(4) Change from green to air-dried and from green to kiln-dried 

conditions. 

Teste employed in the study are as follows:— 

Mechanical properties. 

(1) Static Bending test. 

(2) Impact Bending test. 

(3) Compression Parallel to Grain test. 

(4) Compression Perpendicular to Grain test. 

(5) Hardness test—Radial, Tangential, and End grain. 

(6) Shear Parallel to Grain test—Radial and Tangential. 

(7) Tension Perpendicular to Grain test—Radial and Tangential. 


* Projeot 1, Mechanical, Physical and Structural Properties of Wood Grown in India, 
Xaete on Small Clear Specimen*, Scheme of Operation No. 1. 
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Physical properties. 

1. Moisture content. 

2. Speoifio gravity—specific gravities at the time of test and oven- 
dry are determined. 

3. Shrinkage (Radial, Tangential, and Volumetric)—shrinkage values 
from green to oven-dry condition are determined. 

Anatomical characteristics. 

1. Rings per inch when discernible. 

X Percentage of sapwood when discernible. 

3. Percentage of summerwood when discernible. 

Selection of material. 

Material required for testing a species is obtained from five straight¬ 
grained trees of merchantable size. The trees are selected in the forest 
by forest officers, felled in the proper season and sent to the laboratory 
at Dehra Dun accompanied by information as to altitude, aspect and 
conditions of growth. 

Wood being a product of nature, its properties are influenced by a 
number of factors such as soil, climatic conditions, and environment, 
and the results of tests on wood from one locality may not be identical 
with those from the same species grown in another locality. For ins¬ 
tance Dipterocarpus griffithii from Burma and Terminalia tomentosa 
from the United Provinces have been found to be stronger in most res¬ 
pects than the same species from the Andamans and Madras respectively. 
Species produced commercially in more than one province are collected 
and tested separately from each province concerned. The average of 
the results obtained from all such tests should, except in abnormal 
cases, be taken as representative of the strength of the species. 

Allotment of logs. 

As soon as the logs are received at the laboratory they are put into 
a log pond to await their turn for test. When a consignment is taken 
in hand, one of the logs is divided into two bolts each four feet long which 
are then cut into 2J" x 2J* sticks. The sticks are matched together 
and half of them are tested in the green condition while the other half 
are stacked and tested after air-drying. Material for kiln-dry tests is 
obtained in a similar way from another log, half the sticks in this case 
being sent to the Seasoning Section for kiln-drying. The remaining 
three logs are tested in the green condition. In the case of trees of small 
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diameter, ton logs are tested instead of five, to give a representative 
average value. 

Small clear specimens. 

Wood is not a homogeneous material and is subject to defects such 
as shakes, knots, cross grain and borer holes. In order to eliminate 
the influence of these defects from the strength functions obtained, small 
clear specimens are chosen for test. The bolts are cut parallel to the 
axis of growth so as to avoid cross grain, and sticks finished to a dimen¬ 
sion of 2* x 2" X 48" are obtained. Test specimens of the required 
lengths and free from defects are cut from these sticks. It will, there¬ 
fore, be seen that the test specimens are of uniform cross section of 
2' x 2* and are free from natural defects as far as possible. 

Influence of defects upon large timbers. 

Timbers of large size, as used in building construction, generally 
contain some defects. Tests are, therefore, made on large specimens 
in order to determine the extent to which the strength is reduced by 
different kinds of defects. These results are useful in the preparation 
of grading rules and working stress tables for structural timbers. Ten¬ 
tative grading rules have already been published,* and working stress 
tables for structural sizes have been prepared from the values derived 
by testing small clear specimens in the green condition, which are adjusted 
by the application of safety factors found suitable in engineering practice.f 

Tests on green timber. 

In Table 3, results of tests on green material are given for 140 consign¬ 
ments of Indian timber. In tills report, the term “ green timler ” means 
wood containing moisture in excess of that necessary to wet it to the 
fibre saturation point. Without undertaking a discussion of the signi¬ 
ficance of the fibre saturation point in timber it may be mentioned that, 
while the strength of wood varies with changes of dryness below that 
point, it undergoes no appreciable changes with different moisture con¬ 
tents above the fibre saturation point. Some trees contain large quan¬ 
tities of water while others hold comparatively smaller amounts depend¬ 
ing in part upon the structure and density of the wood. All growing 
trees, however, have moisture contents well above the fibre staturation 

* The Indian Forest Records, Vol. XU. Part I ll. Second Interim Report on the Work 
under Project No. I by the Section of Timber Testing including the results of the Me* 
chanical and Physical Tests on certain of the commoner Indian Timbers up to end of 
1824. 

t Printed in Report on Project 2 (Indian Forest Record, Vol. XVII, Part VII). 
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point, and consequently the strength functions in the green condition 
are not affected by differences in this respect. In Project No. 1, results 
from tests on green material afford a better basis of comparison than 
those from tests on air-dry material because, as indicated above, they 
are not influenced by differences of moisture content. Moreover, they 
are not affected by seasoning defects and they are averaged from a 
greater number of tests than are the values derived by testing seasoned 
specimens. The latter values are, however, neoessary, because all 
species do not increase in strength to the same extent with seasoning. 

Results of tests on air-dry timber. 

When wood is seasoned no appreciable change is produced in its 
dimensions or its strength until its moisture has been reduced to the 
fibre saturation point. Beyond this point, however, the wood shrinks 
and its strength functions undergo rapid changes, mostly incremental, 
with further decrease in moisture. The sticks from bolts marked for 
air-drying are stacked under cover for seasoning, and the tests are made 
after the moisture content has been reduced to about 12 per cent. The 
improvement in strength due to air-drying is then expressed as a per¬ 
centage of the corresponding values obtained with green material from 
the same bolt. The result shown in italics in Table 3 are computed by 
multiplying the average values for the green material of the whole 
consignment by the respective improvement factors thus obtained. 

Teak, the standard of comparison. 

Teak has been selected as the standard for use as a basis of compari¬ 
son. Consignments of teak were first obtained from different provinces 
and tested in the laboratory. Teak from Burma and teak from Malabar, 
although coming from localities about 1,600 miles apart were found to 
correspond very closely in their strength properties. Three consignments 
each of 6 trees, one from Burma (ungirdled teak), one from Burma 
(girdled teak), and the third from Malabar (ungirdled teak), were, there¬ 
fore, averaged together and the values obtained from both green and 
air-dry tests were taken as the datum for comparing all species. 

Detailed information concerning the procedure employed in Timber 
Testing at the Dehra Dun laboratory is given in “ Project No. 1, Me¬ 
chanical, Physical, and Structural Properties of Wood Grown in India, 
Tests on Small Clear Specimens, Scheme of Operation No. 1.” 
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2. EXPLANATION OP STRENGTH TABLE No. 3. 

The results of mechanical and physical tests on smalTclear sped' 
mens of 140 consignments of Indian timber are given in Table No. 3 
both in the green and in the air-dry condition. The results of green 
tests are shown in roman and the results of air-dry tests are shown in 
italics. 

In the first column the serial number is given. 

Names of species. 

In the second column will be found the names o! the species together 
with the trade names or the names commonly used in the localities 
from which material was obtained for tests. The same species is often 
known by different names in different parts of India. In order to re¬ 
duce the resulting confusion, the Forest Department has undertaken 
to standardize common names for some of the more important species. 
These standardized common names are known as “ trade names ” and 
are given in Table No. 2. They are recommended for use not only in 
India but in foreign markets also* The trade name is in many cases 
the common name by which a species is known in the provinces where 
it is abundant. Examples of this are kokko and padauk which are the 
co mm on names in the Andamans for Albizzia lebbek Bentb., and Ptero- 
oarpus dalbergioides Roxb., respectively. The same common name, or 
even the same trade name, is sometimes applied to several species, 
as, for instance, kanyin or gurjun. The botanical nomenclature pro¬ 
vides, therefore, the most reliable system of separating the different 
species and is universally used in scientific work. The species in the 
table are arranged in the alphabetical order of their botanical names, 
which are followed by the important vernacular or trade names. 

Locality. 

In the third column is listed the locality, i.e., the name of the forest 
division and province from which the trees were obtained for test. 
The wood of different species is obtained for tests, in the first instance, 
from localities where it is abundant. 

As already mentioned, the properties of one species may vary in 
different surroundings. It is proposed, therefore, to test each species 
from all localities where it is available in commercial sizes and quantities, 
so as to obtain a comprehensive average for the whole species. In some 


* See Forest Bulletin Now 71 of 1929, Boooomy Series. 
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cases, however, where there is an abnormal difference in the properties 
of the timber grown in different localities, it becomes necessary to use 
different strength values for the same species according to its place of 
growth. 

In Table No. 3 the values for different localities are given separately. 

Number of trees. 

The number of trees tasted is shown in the fourth column. Five 
trees are usually taken for testing from each locality.* In cases where 
less than five trees have been tested, the results are tentative and may 
be subject to slight modification as more data become available. 

Seasoning . 

The condition of seasoning is indicated in the fifth column. Material 
tested green is marked * G * and that tested air -dry marked ‘ A.D.’ 
The air-dry specimens are tested as nearly as possible at 12 per cent 
moisture content, and the results are shown in italics in the table. As 
already stated, the values for green material are the more reliable for 
the comparison of species, and are also the appropriate values to use in 
the derivation of safe working stresses. They are free from the in¬ 
definite factor of seasoning stresses, and the danger of subsequent 
wetting of some structural parts. Even timber which is not exposed to 
the weather absorbs considerable moisture in the monsoon. 

Rings per inch. 

The sixth column records the average number of growth rings per 
inch measured along a radial line on the cross section of the wood. Season¬ 
al growth rings, when visible, usually appear as dark bands or concentric 
lines caused by temporary retardation or complete cessation of meris- 
tematic activity. One ring is normally added every growing season, 
and the number of rings per inch is an inverse measure of the rate of 
growth, which may be as fast as 1 or 1| rings per inch or as slow as 40 
to 50 rings per inch, depending upon the circumstances under which the 
growth took place. The strength is sometimes influenced to a certain 
extent by the rate of growth. In conifers, excessively fast growth tends 
to produce weak wood, while in ring-porous woods of the broad-leaved 
species the faster growth, within limits, yields stronger wood. Abnor¬ 
mally fast or slow growth is usually a source of weakness in either ease. 

* As laid down in Project 1, Mechanical, Physical and Structural Properties of Wood 
thrown in India, Scheme of Operation No. 1. 



Past X.] * Limatb : Properties of Woods Grown m India. 25 

A growth rate of about 6 to 12 rings per inch in the case of teak appears 
to be favourable for the production of good-quality wood. 

In the case of diffuse porous woods of the broad-leaved species it 
is often impossible to distinguish any seasonal growth rings. It is 
probable that conditions which affect the rate of growth of these trees 
also have an influence on the quality of the wood produced, but on ac¬ 
count of the want of a visual method of determining the growth rate the 
number of rings per inoh for such species is not recorded. 


Percentage of summer wood. 

By summer wood is meant the dark-coloured portion of the growth 
ring which is composed of thick-walled, strong elements. Consequently 
the greater the percentage of summer wood in the cross section of a piece 
the greater its strength. 

When the spring wood and summer wood, or, more appropriately, 
the early wood and late wood, can be distinguished, the ] roportion of 
late wood gives some indication of the relative strength of the specimen. 
In coniferous species the amount of late wood in each growth ring 
appears to be less variable than the amount of early wood, resulting in 
an excess of the latter in wood which has grown very rapidly. Hence 
conifers which have grown moderately slowly, having a smaller propor¬ 
tion of thin-walled conducting tracheids, are stronger than those of 
excessively fast growth. In the case of the ring-porous species of the 
dicotyledons, on the other hand, variations in the width of the ring 
occur to a larger extent in the late wood portion, with the result that 
the faster grown ring-porous woods have a larger percentage of the 
thick-walled summer wood cells, and are stronger, within limits, than 
the wood of slower growth. In the diffuse-porous woods the structure 
is more uniform, and it is impossible to distinguish by visual examina¬ 
tion between spring wood and summer wood. The majority of Indian 
woods are diffuse-porous and an estimation of summer wood in most 
cases is not possible. 


Specific gravity. 

The ‘ specific gravity ’ of the wood is given in columns 7 and 8. 
These values are obtained by dividing the weight of a spec im en in 
grammes by its volume in cubic centimeters. What is found, there¬ 
fore, is actually the density of the wood, but the term ‘ specific gravity ’ 
has become so well established in research relating to timber that it has 
been retained. These values furnish a reliable guide to the relative 
weights of the different species. 
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In timber research, the term ' specific gravity ’ requires to be qualified 
by a statement of the conditions under which the determination was 
made, became the volume oi the wood is variable. As wood begins 
to shrink in seasoning the volume diminishes, and the final volume may, 
moreover, be affected by the initial conditions of drying. For reliable 
comparison of the different species it is necessary, therefore, that the 
functions should be derived from quantities that are constant. Such 
quantities are the weight of the oven-dry wood and its volume in the green 
condition. The specific gravity values recorded in column 7 refer to the 
volume of the wood at the time of test, green or air-dry as the case may 
be, and the weight of the oven-dry wood. They are determined by 
accurate measurement and weighment of all test specimens which have 
the form of right prisms. The weight data thus obtained include the 
moisture content of the specimens, for which they must be corrected 
after the moisture determinations have been made. The specific 
gravity at time of test is then calculated from the volume and the 
corrected weight. 

The values presented in column 8, specific gravity oven-dry, are 
based on both the volume and the weight of the specimens after oven¬ 
drying. In this case the volume is usually determined by finding the 
weight of water displaced by the specimen, though displacement of 
mercury is sometimes employed. 


Moisture content. 

The moisture content is expressed as the ratio of the weight of water 
contained in the wood to the weight of the dry wood, and is given in 
column 9. A small disc is cut from each specimen near the failure, 
weighed as soon as possible after test, and carefully dried at 98° ± 3°C. 
in a well ventilated electric oven, provided with thermostatic tempera¬ 
ture control. After drying to constant weight the disc is again weighed 
while still warm. The difference between the first and the last weights 
is the weight lost by the wood in drying, and is expressed as a percentage 
of the weight of the dry wood. This loss, of course, includes any other 
material that is volatile at 100°C. as well as the water. In exact analyses 
such volatile constituents are extracted separately, but they are not 
found normally * to introduce any serious error in practical moisture 
determinations. 


* In speoios exceptionally rich in volatile contents such as deodar (Cedrut deodara, 
Loudon), results of ordinary moisture determinations on seasoned material may be ap¬ 
preciably influenced, * * 
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Weight. 

Weight, like specific gravity, is an indefinite quantity unless qualified 
by a statement of the conditions under which it was determined, and the 
moisture content to which it applies. The weight of wood is also in¬ 
fluenced by the presence of gums, resins, or infiltration products, as well 
as the density of the wood substance itself, and may vary, to a certain 
extent, in different parts of the same tree. 

The values in column 10 are the average weights of material tested 
green or air-dry as the case may be. 

In column 11, the weight of seasoned timber corrected to 12 per cent, 
moisture content is given. These figures afford a means of comparing 
the relative weights of seasoned timbers of the different species. 

Shrinkage. 

Moisture occurs in green wood in two ways—as free water contained 
in the cell cavities and intercellular spaces, and as water required for 
cell wall saturation. Loss of the free water from the voids in the wood 
docs not, in general, affect the dimensions of the material. When all 
the free water has been removed but the cell walls are still fully satu¬ 
rated, the wood is said to have reached the fibre saturation point, in 
which condition it still contains from 25 to 30 per cent moisture. On 
further drying shrinkage begins and continues until the wood is complete¬ 
ly oven-dried. 

Shrinkage in length is very small and is generally neglected. Shrink¬ 
age in the lateral directions is very much greater and is of importance 
in the use of wood. In the radial direction it varies from about 1*1 
per cent to 6 percent and in the tangential direction from about 3 - 3 
per cent to 16-8 per cent in the species which have been tested. The 
volumetric shrinkage is, of course, the resultant of the shrinkages in all 
the three dimensions. Radial, tangential and volumetric shrinkage 
are all determined independently from separate samples as laid down in 
Project 1. In all cases the observations are for total shrinkage, i.e., 
from green to oven-dry condition, and are given in columns 12, 13 and 
14 respectively. 

Special shrinkage tests have been conducted at Debra Dun to deter¬ 
mine to what extent shrinkage determinations based on small specimens 
can be relied upon to indicate the shrinkage which may be expected in 
plankB of commercial Bize. The data so far obtained as a result of up¬ 
wards of 40,000 observations clearly show that the shrinkage determina¬ 
tions based on small laboratory specimens furnish a reliable indication 
of the actual shrinkage in commercial sizes. 
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Static bending. 

This is a very important test. The method of testing and the data 
recorded are described in “ Project No. 1 , Mechanical, Physical, and 
Structural Properties of Wood Grown in India.” Briefly, the test is 
carried out on specimens, 2' x 2* x 30* long, with a central load acting 
over a 28* span. The loading head descends at the rate of - 555 - * per 
minute and deflections are read correct to ~* simultaneously with 
the load without stopping the machine. The observations are then plot¬ 
ted and a load-deflection curve obtained, from which the strength func¬ 
tions are calculated. 


Fibre stress at elastic limit. 

Up to the elastic limit, or limit of proportionality of stress and Btrain, 
the deflections are proportional to the loads which cause them and the 
load-deflection curve takes the form of a straight line. If a beam is 
loaded within the elastic limit for a short time the resulting deflection 
disappears with the removal of the load, and the beam regains its original 
shape. If, however, a wooden beam is loaded to produce a stress ap¬ 
proximating to its elastic limit, its deflection will continue to increase 
for a long time. If the load is in excess of the load at elastic limit, 
even by a small amount, the beam is liable ultimately to break. The 
fibre stress at elastic limit is, therefore, an important value, and beams 
should never be sufficiently loaded to reach this limit. 

Modulus of rupture. 

The modulus of rupture, given in column 16, is the apparent fibre 
stress in the outermost fibres at maximum load and is calculated in the 
same way as the fibre stress at elastic limit. Although the assumptions 
on which the bending theory is based do not hold good beyond elastic 
limit, the modulus of rupture is a convenient and reliable function for 
comparing the strengths of different species, as it reduces the danger of 
personal error present in the determination of the elastic limit. The 
modulus of rupture is the value adopted in the derivation of the safe 
working stresses ’ 11 for Indian timbers printed elsewhere. 


Modulus of elasticity. 

The modulus of elasticity is given in column 17 and is a measure 
of stillness. Woods with a high modulus of elasticity deflect little under 

♦Koport on Work under Project No. 2, Strength Tests of Timbers in Structural Sizes 
with Test lie* alts up to 1932, 
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kSad «ad are rigid. This is exemplified in the extreme stiffness of mmiri 
(SonUera minor) which has a modulus of elasticity of 2,577,000 lbs. 
per sq. in., and the relatively greater flexibility of mulberry (Morns 
: alba), for which the corresponding value is 1,622,000 lbs. per sq. in. The 
' modulus of elasticity is the function which is used in computing the 
deflection of joists, beams, and other members subjected to bending. 


Work. 

Work is a measure of toughness and is proportional to the area in¬ 
cluded under the load-deflection curve. It is given in columns 18, 19, 
and 20, »n<W the heading work to elastic limit, work to maximum load, 
and total work. 

Work to elastic limit is a measure of the ability of a material to absorb 
shock without being stressed beyond its elastic limit. 

A high value for work to maximum load (column 19). indicates a 
material that will absorb severe shocks before it begins actually to break. 
A considerable difference between the values for work to elastic limit 
Miij work to maximum load connotes a wide margin of safety, and a 
beam which is superior in this respect will seldom break suddenly, but 
will give warning of its failure by sagging considerably. The most 
suitable woods for the manufacture of articles requiring a combination 
of toughness and resilience are those which combine a moderately high 
value for modulus of elasticity with a satisfactory value for work to 
maximum load. If, in addition, a species has a high value for total work 
it may be expected to withstand considerable abuse. The possession 
of these qualities is evident in curve No. 4 of Figure. No. 8, which is a 
typical load-deflection curve for Indian mulberry (Morns alba), which 
eyperi""™* has shown to be a first-class wood for tennis racquets and 
hockey sticks. 

The tot al work, shown in column 20, represents all the work absorbed 
by the specimen up to the completion of the test, which, in Project 
No. 1, is taken as the point at which the beam has either bent to a de¬ 
flection of 6 inches or failed to support a load of ^00 lbs. Readings 
beyond these limits do not materially increase the results. 

Figure 8 typical load-deflection curves for four species of 

timber tasted in the air-dry condition. Of these No. I, baldu (Adina 
oorddfoUa), is the weakest, though in reality a moderately strong weed. 
Its re la tive weakness as oompared with the other three species is .shown 
by the positions of the highest points of the curves, while its compara¬ 
tive h rif-tym*" 11 is indic ated by the abrupt drop of curve No. 1 from 
its highest point and its relatively short extension beyond that point, 
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No. 2, babul {Acacia arabica), and No. 3, thingan {Hopea odorata), have 
strength properties rather similar in nature, though differing in degree. 
The extra strength of the babul is indicated by the extra height of its 
curve. The curve of No. 4, mulberry (Morus alba), is different in nature 
tom the other three. The strength of the wood is little inferior to that 
of thingan, but it is not so stiff and it is a great deal tougher. It is the 
possession of these two properties, indicated respectively by the greater 
slope of the initial portion of its curve, and by the relatively wide flat 
top of the curve and large area enclosed, that makes it such an excellent 
wood for sports goods. 


Impact bending. 

The specimens for the impact bending test are 2' x 2" X 30' long. 
They are supported at the ends in special bearing blocks spaced 28" 
centre to centre. A blow is delivered at mid-span by a freely falling 
60-lb. weight, which is raised by an electro-magnet and automotically 
released at predetermined heights. Figure No. 9 illustrates the machine 
in operation. 

The weight carries a stylus which presses against the surface of a 
vertical drum around which a sheet of paper is wound. The stylus 
thus registers on the paper the starting position, the height of drop, and 
the deflection of the beam under each impact, the drum being slowly 
rotated by hand daring the test. The first drop is from a height of 2', 
which is then increased by one inch for each succeeding drop until a 
height of 10' is reached, after which 2-inch, increases are employed until 
complete failure or 6' deflection of the beam is obtained. Fig. 10 shows 
a typical impact drum record sheet for Slereospermum suavcolens. 

The total height of drop, or the head, and the resulting deflection 
are obtained from the drum record sheets and the head is plotted against 
the square of the deflection. As within the elastic limit the square of 
the deflection varies directly with the height of drop producing it, the 
elastic limit is indicated on the graph by the point where the straight- 
line portion ends. 

Fibre stress at elastic limit. 

The fibre stress at elastic limit in impact beading, found in column 21, 
is the greatest stress to which a beam can be subjected by a blow and 
recover completely. With wood this stress is oommonly about twice the 
corresponding stress found in static bending. Wooden beams, there¬ 
fore, do not suffer as seriously from impact loads as do those of most 
other materials, and in designing timber beams no extra allowance need 
be made for suddenly applied live loads. 
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FIG 9 

IMPACT TEST. 

A blow is delivered at mid span by a freely falling 50 lbs. weight. 
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FIG. 10. 


IMPACT TEST DRUM RECORD. 
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Maximum drop. 

The value found in column 22 is the height, in inches, through which 
it was necessary to let the 50-lb. weight fall in order to break the speci¬ 
mens. It is an important function in determining the suitability of 
woods for use as hammer handles, spokes of wheels, sports goods, etc., 
and indicates the shock-resisting ability. 

Modulus of elasticity. 

The modulus of elasticity in impact bending is given in column 23, 
and, like fibre stress at elastic limit, is greater for impact than for static 
bending. This illustrates the superiority of wood in its power to resist 
and absorb live load shocks, and accounts in part for the high reputa¬ 
tion it enjoys for use in aeroplane structure, sports goods, and railway 
sleepers. 

It has been established from actual experiment that wooden beams 
continue deflecting for a long time under a steady dead load even if 
it be within the elastic limit. It is consequently good practice, in cal¬ 
culating the deflection of wooden beams, to use the live load plus double 
the dead load and employ the value of modulus of elasticity found from 
static bending tests. 

Work to elastic limit. 

Work to elastic limit in impact bending indicates the power of the 
wood to absorb shock without undergoing stress beyond its elastic limit 

Compression parallel toyrain. 

The specimens used for this test measure 2' x 2' in cross section 
and 8* along the grain. The ends are carefully prepared and the pressure 
applied through a hemispherical bearing block to avoid eccentric loading. 
Careful preparation and the shortness of the specimen prevent the danger 
of bending. The material is, therefore, stressed by a load which is acting 
axially along the grain. 

Compressiie stress at elastic limit. 

This value, recorded in column 25, is a measure of the load which the 
wood can carry on its end grain without being stressed beyond its 
elastic limit. Although the maximum crushing stress is the value used 
in most engineering calculations, the compressive stress at elastic limit 
is employed in the selection of correct safety factors, and also in com¬ 
puting the index figure for suitability as a post or strut given in Table 
No. 1. 


o 8 



$2 Indian Forest Records. [Vo&XVttl 

MatirMm crushing stress. 

MAtifflUln crashing stress, (column 26), indicates the ability of the 
wood to sustain a slowly applied axial load On short columns without 
actual failure. This value is used, With the application Of suitable safety 
factors, in designing columns. The computations may be based on oruSh- 
tng strength alone if the length of the column does not exneed about 10 
tames its least diameter.* In slender columns the stiffness becomes im¬ 
portant and one of the standard column formulae must be used in order 
to allow for the effect of possible eccentric load. 

Modulus of elasticity. 

The modulus of elasticity in compression parallel to grain in column 
27, differs from that obtained in the bending test and is generally 
greater. The modulus determined in bending tests is influenced by the 
shearing properties of the wood. The fibrous nature of timber, more¬ 
over, catties it to offer very different resistance in different directions 
tO the action of external forces. 


Compression perpendicular to grain. 

The specimens for the “.compression perpendicular to grain” test 
are 2' X 2' in cross section and 6* in length. Load is applied through a 
2* Wide Steel plate placed across the mid-length of the specimen on a 
rhdial surface. An area of about four square inches is subjected to 
direct compression in this way. 

The only strength function studied in this case is the fibre stress at 
elastic limit, Which represents the maximum stress which can be applied 
to the timber in this way without causing injury. This value is used 
in determining the necessary bearing area for beams, joists, and joints, 
and for comparing tbe suitability of woods for use as sleepers. 


Hardness. 

Hardness is tested by ascertaining the load required to imbed a steel 
ball of 0*444* diameter (1 square centimeter projected area f) in the wood 
to half its diameter. This test is applied to radial, tangential and end 


* Technical Bulletin No. 167, United States Department of Agriculture, Washington, 
I). C.,U, S. A. “ Tests of large Timber columns and presentation of the Forest Products 
Laboratory column Formula* by J, A. Newlib and J, Bf. Gahagan. (Fear sale % the 
Superintendent of Documents, Washington, D.C., U. S. A., Price 16 cents). 

It, is recommended that the formula presented in the above publication be used in 
the design of wooden structures until & formula devised from the analysis of t&gfa at 
Dehra Dun on large timber columns of indigenous species becomes available, i < 
f This is an adaptation of Prof. Jank&’s method. 
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surface? and thp results are tabulated in columns 29, 30 and 31 res¬ 
pectively. The values for hardness serve as an indication of the use* 
fulness <rf a timber for railway sleepers, wooden floors, bearing blocks 
and in places where either abrasion or indentation is excessive. 

Shear. 

The specimen for shearing and the method of application of the load 
are shown in figure No. 11. The load is applied to a projection of the 
test specimen. As the steel loading plate descends, the projecting ljp 
is sheared off from the rest of the block. The total load divided by the 
area over which it is distributed—about 4 square inches in this case- 
gives the shearing stress, and is presented in columns 32 and 33. Two 
sets of specimens are prepared, one presenting a radial surface and the 
other a tangential surface to the shearing force. 

Tension perpendicular to grain. 

The specimens for the “ tension perpendicular to grain *’ test and 
the arrangement of the machine are shown in Fig. No. 12. In this case 
also the load is applied at right angles to the grain in radial and tangential 
planes, and the results are given in columns 34 and 35. These results 
are useful in estimating the strength of wood in resistance to the splitting 
action of bolts and other fastening acting across the grain. 
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3. HOW SUITABILITY FIGURES ARE CALCULATED 

The reason for the adoption of suitability figures has been explained 
in an earlier part of this report. Briefly, the various strength functions 
which affect the usefulness of a timber for a particular purpose are com¬ 
bined to produce a single index figure indicating its relative value in 

(1) strength as a beam, (2) stiffness as a beam, (3) suitability as a post 
or strut, (4) shock resisting ability, (5) retention of shape, (6) shear and 
(7) hardness. The relative importance to be allotted to various proper¬ 
ties is largely a matter of judgment, and difference of opinion may pos¬ 
sibly exist as to the best procedure. The method was originally devised 
by the United States Forest Products laboratory. Such modifications 
as seemed desirable have been made by the author and incorpor¬ 
ated in this report. 

T his method of combining data involves (1) the determination of 
which strength functions should be combined in each suitability figure ; 

(2) the determination of adjusting factors to reduce the values of different 
functions to the same order of magnitude; (3) the determination of 
weighting factors to give more or less relative importance to the different 
functions combined ; and (4) the determination of the best method for 
combining the results obtained from the tests of green and air-dry 
material to derive a single suitability figure. 

The following is a list of the strength functions, adjusting factors, 
and weighting factors adopted in this report. The adjusting factors 
are calculated from the test results obtained with teak. The weighting 
factors are in many cases the same as those adopted by the United States 
Forest Products Laboratory, but in some cases modifications have been 
introduced as the result of experience with indigenous woods. 


Functions Entering into the Calculation oj Suitability Figures. 




Adjusting factors. 


Suitability. 

Strength functions. 

Green. 

Air-dry 

12 percent 
Moist. 

Weighting 

factors. 

Strength as a beam . 

M. of R. in Static bending 

1*00 

1-00 

2 

F. S. at E. L. in Static 
bending. 

1-61 

1*50 

1 


F. S. at E. L. in Impact 
bending. 

0*68 

0*74 

l 

Stiffness as a beam . 

M. of E. in Static bending 

1*00 

1*00 

2 


M. of E. in Impact bending 

0*77 

0*76 

1 
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Adjusting factors. 

Weighting 


Strength functions. 



Suitability, 


Air-dry 

factors. 


Green. 1 

L2 per oent 
Moist. 


Suitability as a poet or 
strut, 

Max. Cr. Str. in Comp. 

parallel to grain. 

F. S. at E. Iu in Comp. 

1*00 

1*44 

1-00 

1-47 

1 

1 


parallel to grain. 

M. of E. in Statio bending. 

3-51 

4*58 

1 

Shock resisting ability 

| Work to Max. load in Statio 

bending. 

Total work in Statio bend- 

1-00 

0-34 

100 

0*43 

2 

1 


ing. 

Height of drop in Impact 

0-266 

0*428 ! 

1 


bending. 




Retention of shape . 

Shrinkage— 

volumetric (Green to 

1-00 


2 


oven dry). 

radial (Green to oven 

2-96 

•• 

1 


dry). 

tangential (Green to oven 
dry). 

Ratio of tangential *. radia] 

1-62 

•* 

1 


L 3-72 

•• 

2 


Retention of shape 

* • 

# * 



« 1 x 100. 





shrinkage 




Shear 

Radial . 

Tangential 

100 

0-90 

1*00 

0*85 

1 

1 

Hardness 

F. S. at E. L. in comp, per¬ 

1-00 

1*00 

2 

pendicular to grain. 

1*01 

1*03 

1*15 

1*30 

1 


Radial hardness 

1*31 

1*37 

1 


Tangential hardness 

End hardness . 

1 

M«. 4*_ 


Average tost results from each consignment «« «— 
green and air-drv material are first calculated separately and then com 
£S.1 m 4 » ^eigbtege of 2 to the vobe, b^od <m green 

2 G 4 -AD 

Thus the final suitablity figure =- - - 

Where G— suitability figure calculated from values of tests on 
specimens in the green condition. 

AD= suitability figure calculated from values, corrected 
to 12 per cent moisture content, of tests on speci¬ 
mens in the air-dry condition. 
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Sample oalculaiim. 

The following example, based on the tests of axle-wood {Anogeiseus 
lalifolia) from the United Provinces, will illnstrate the method of calcu¬ 
lation. Test results for air-dry material are oorreoted to their equivalent 
values corresponding to a 12 per cent moisture content, by employing 
the following formulae devised by the United States Forest Products 
Laboratory:— 

(1) If the moisture content of air-dry material is under 12 per emit. 

6JAD-G) 

18 18-m 

(2) If the moisture content of air-dry material is over 12 per cent. 

l^Ag-G) 

1! 22-m 

Where D I2 = the value of the function reduced to its equivalent 
for 12 per cent moisture content. 
m= the moisture content at which air-dry tests were 
made. 


Suitability Figures Based on Results of Tests in the Green Condition . 


Required to find. 

Green 

values. 

Adjusting 

factors. 

!i 

■yjj 

Suita¬ 

bility 

figures. 




* 



Strength as a beam. 
M, of R. in Static bending 
F. S. at E. L. in Static bending 
F. S. at E. L. in Impact bending 


Stiffness as a beam. 
M. of E. in Static bending 
M. of E. in Impact bending 


Suitability as a post or strut. 
Max. Or. Str. in comp, parallel to grain 
C. S. at E. L. in comp, parallel to grain 
M. of E. in Static bending 


11,445 

X 

1*00 

X 

2 =22,890 

5,962 

X 

1*61 

X 

1 = 9,599 

17,946 

X 

0*68 

X 

1 =12,202 





4) 

44,692 






11,173 

1,501 

X 

1*00 

X 

2 = 3,002 

1,947 

X 

0*77 

X 

1 = 1,499 





3) 

4,501 






1,500 

5,168 

X 

1*00 

X 

l 

= 5,108 

2,679 

X 

1*44 

X 

1 

- 3,858 

1,501 

X 

3*51 

X 

1 

- 5,209 





») 

14,295 






4.76S 
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SutahilitylNgum Based on Results of Tests in the Green Condition- 

ooiitd. 



Shock resisting ability. 
Work to Max load in Static bending 
Total work in Static bonding . 
Haight of drop in Impact bonding . 


Retention of shape. 

"volumetric (green to oven dry), 
radial (green to oven dry) 

< 

tangential (green to oven dry) 
l Ratio—-tangential: radial . 


Shrinkage 


Shrinkage 


Retention of shapes x 100- X 100 


16-5 x 1*00 x 2 » 33-00 

51-9 x 0-34 x 1 = 17-65 

56-0 X 0-266 x 1 = 14-90 
4 ) 66-55 

10*4 

12-2 vt 1-00 x 2 = 24-40 

3-9 v 2-96 X 1 = 11-54 

7-3 > 1-62 x 1 « H-83 


1-87 x 3 72 x 


2 - 13-91 
6 ) 61-68 
10-3 


Shear. 

Radial. 

Tangential. 

Hardness. 

C« fi. at IS, L. in Comp, perp, to grain 
Radial hardness .... 
Tangential hardness 
End hardness * 


1,378 

X 

1-00 

X 

1 = 

1,378 

1,493 

X 

0-90 

X 

1 » 

1,344 





2~P 

2 ,m 






1,361 

1,176 

X 

1-00 

X 

2 = 

2,352 

1,630 

X 

1-01 

X 

1 « 

1,646 

1,605 

X 

1-03 

X 

1 « 

1,663 

1,670 

X 

1*15 

X 

1 tts 

1,821 


5) 7,672 

1,614 
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Suitability figures Based on Results of Tests in the Air Dry Condition. 


Required to find. 


Strength as a beam, 

M. of R. in Static bending 
F. 8. at EL L. in Static bending 
F. 8. at E. L. in Impact bending 


Stiffness as a beam . 

M. of E. in Static bending 
M. of E. in Impact bending 


Suitability as a post or strut, 

Max. Or. Str. in comp, parallel to grain 
F. 8. at E. L. in comp, parallel to grain . 
M. of E. in Statio bending 


Shock resisting ability , 

Work to max. load in Static bending 
Total work in Statio bending . 
Height of drop in Impact bending . 


Shear, 


Radial 

Tangential 


Hardness. 1 

F. S. at E. L, in comp, perpendicular to pain 
Radial hardness . . . . ' . 

Tangential hardness .... 
End hardness , . * 


Air dry 
values. 

Adjusting 

factors. 

p 

Suita¬ 

bility 

figures. 

13,749 

X 

100 

X 

2 

*=27,498 

6,305 

X 

1*50 

X 

1 

« 9,458 

21,737 

X 

0*74 

X 

1 

=*16,085 





4 

) 53,041 






13,260 

l,t>50 

X 

1*00 

X 

2 

= 3.300 

2,057 

X 

0*70 

X 

1 

» 1,563 





3 

) 4,863 






1,621 

0,047 

X 

1*00 

X 

1 

« 0,047 

3,497 

X 

1*47 

X 

1 

* 5,141 

1,650 

X 

4-53 

X 

l 

« 7,475 





3 

) 18,663 






6,221 

13-9 

X 

1*00 

X 

2 

« 27*80 

51-3 

X 

0*43 

/ 

1 

« 22*06 

31*0 

X 

0*428 

X 

1 

» 13*27 





4 

) 63*13 






15*8 

1,753 

X 

1*00 

X 

1 

- 1,753 

2,139 

X 

0*85 

X 

1 

** 1,818 





2 

) 3,571 






1,786 

1,947 

X 

I*00 

X 

2 

® 3,894 

1,901 

X 

1*30 

X 

1 

* 2,471 

1,948 

A 

1*31 

X 

1 

= 2,662 

2,203 

X 

1*37 

X 

i 

- 8,018 





5 

) 11,936 
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Final Suitability Figures (Green and Air-Dry combined ). 


Suitability. 

2 G + AD 

3 

Combined 

suitability 

figure. 

Per cent 
of 

teak. 

Strength as a beam .... 

22,346+13,260 

3 

11,869 

95 

Stiffness as a beam . 

3,000 f 1,621 

3 

1,540 

89 

Suitability as a poet or strut 

9,630+6,221 

3 

5,250 

78 

Shook resisting ability 

32-8+15*8 

3 

16-2 

105 

Retention of shape .... 

based on green 

9-7 

66 


value only. 



Shear. 

2,722 + 1,786 




3 


134 

Hardness. 

3,028+2,387 

1,806 

i 

150 


3 



The percentage figures thhs found are rounded to the nearest five 
and given in Table No. 1. 
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4. EXPLANATION OF TEEMS USED. 

Air-Dry (A. D .).—See Seasoning. 

Compression Parallel to Grain .—This is a test of the strength of the 
wood when subjected to a load acting axially along the grain of the wood. 
In the test the length of specimen is not more than four times the least 
cross sectional dimension and the load is applied slowly. 

Compression Perpendicular to Gram .—This is a test of the load that 
the wood is able to carry when applied slowly across its grain. This 
test is of use in determining the allowable bearing pressures in the case 
of structural members, bearing blocks, rails on sleepers, etc. 

Compressive Stress at Elastic Limit (C. S. at E. L.) in Compression 
Parallel to Grain .—This signifies the greatest load per square inch that 
the wood is able to carry on its end grain without passing the elastic 
limit. 

Compressive Stress at Elastic Limit (C. S. at E. L.) in Compression 
Perpendicular to Grain .—This is the greatest load per square inch ap¬ 
plied across the grain, which the wood is able to carry before the elastic 
limit is passed. 

Elastic Limit (E. L .).~When a material is stressed it undergoes a 
strain, and up to a certain limit the increase in strain is proportional 
to the increase in stress. The greatest stress up to which this propor¬ 
tionality holds good is called the elastic limit. Beyond this point the 
strain of the material increases more rapidly than the stress. This 
property is also termed the “ limit of proportionality of stress and 
strain.” 

End Hardness .—See Hardness. 

End surface .—A plane section of wood at right angles to the grain 
is called the end surface. 

Fibre Saturation Point .—Water is contained in wood in two ways 
viz., [a) that absorbed by the cell walls and (6) that occupying the voids. 
If wood is dried uniformly the free water is evaporated first. A stage 
is ultimately reached at which all the free water has evaporated and 
only the water absorbed by the cell walls remains. This state is called 
the “ fibre saturation point.” 

Fibre Stress .—This term is used to designate the stress in the outer¬ 
most fibres of a loaded material. 

Fibre Stress at Elastic Limit (F. S. at E. L .).~This is the greatest 
stress that the fibres can sustain without passing their elastic limit. 
In the case of wood F. S. at E. L. is different for different kinds of 
loading e.g., in static and in impact bending. 

Green (<?.).—See Seasoning. 
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Bardrnss .—The hardness of wood is tested by finding the load which 
is necessary to indent the surface to a certain depth with a ball of given 
diameter. The hardness of wood is measured in three planes at right 
angles to each other, viz.:— 

(1) end hardness, when the ball is forced into the end surface, 

(2) radial hardness, when the ball is forced into the radial surface, 

(8) tangential hardness, when the ball is forced into the tangential 

surface. 

Height of Drop in Impact Beming. —This signifies the height through 
which it is necessary for a freely falling weight of 50 lbs. to drop on to 
the middle of a beam of 2* x 2* cross section and supported on a 28" 
span, in order completely to fracture it. 

Impact Bending Impact bending is the test of beams under loads 
applied as blows. The beams are supported at each end and subjected 
to the blows of a weight which falls on to the middle of the beam in a 
manner somewhat similar to the action of a pile driver. 

Kiln Dry ( K . /).).—See Seasoning. 

Maximum Crushing Stress (Max. Cr. Sir.) in Compression Parallel 
to Grain.— This signifies the load per square inch which applied to the 
end grain of the wood is just sufficient to break it. 

Modulus of Elasticity (M. of E .)—This, also called “ Young’s Modu¬ 
lus,” is the ratio of stress to strain within the elastic limit, and is a mea¬ 
sure of stiffness. 

Modulus of Rupture. (M . of R.)— This signifies the stress m the outer 
fibres of a beam at the instant of breaking, calculated on the assumption 
that the stress conditions of the beam are the same beyond as within the 
elastic limit. The assumption is incorrect but the results are consistent 
and useful for comparing the strengths of beams of different materials. 

Moisture Content.— The moisture content of wood is usually expressed 
as the ratio of the weight of the water it contains to the weight of the oven 
dry wood. 

Oven dry.— See Seasoning. 

Radial hardness.— See Hardness. 

Radial shear.— See Shearing. 

Radial tension. —See Tension. 

Radial surface. —A plane section of wood in the direction of the medul¬ 
lary rays is called the radial surface. 

Seasoning.^- Seasoning is the process of drying timber to fit it for use. 
The condition of dryness of wood is also designated as its “ seasoning.” 
The seasoning conditions mentioned in this report are (1) Green, 
(2) Air dry, (5) Kiln dry, and (4) Oven dry. 
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(1) Green (G ).—Results tabulated under the heading “ green ** have 
been obtained from material tested as soon as possible after felling. 
All timber tested green contains moistnre in excess of the fibre satura¬ 
tion point. 

(2) Air dry {A. D .)—Values tabulated under this heading have been 
obtained by testing material which has been seasoned, as nearly as 
possible, to a moisture content of 12 per cent. Striotly speaking, “ Air 
dry ” signifies the condition of wood when it has reached a state of hy¬ 
groscopic equilibrium with the atmosphere, and this condition varies 
with changes of olimate and of season. 

(3) Kiln dry (K. D ).—This term is used to designate timber which 
has been subjected to accelerated and controlled seasoning in a kiln. 
For test purposes the moisture content of kiln seasoned wood is kept, 
as nearly as possible, at 12 per cent. 

(4) 0”cn dry. —Specimens are said to be “ oven dry ” when they 
have been subjected to a controlled temperature of approximately 
100° C. until they have ceased to lose weight. 

Shearing :— 

(1) Shearing Parallel to Grain test. —This is a test of the strength of 
the wood to resist a force, acting in the direction of the grain, which tends 
to cause one portion of the body to slip past the other. The specimens 
are tested in shear both on the radial and the tangential planes. 

(2) Radial Shear. —Shear is said to be radial when the plane of 
failure coincides with the plane of the wood rays. 

(3) Tangential Shear. —Shear is said to be tangential when the 
plane of failure is tangent to the seasonal growth rings. 

Specific Gravity ( 8p. Or.)— The term specific gravity as used in timber 
testing means the ratio of the weight of the oven dry wood in a speci¬ 
men to the weight of water equal to the volume of the specimen at the 
time that it was tested. 

Static Bending. —This term is used to designate tests in strength 
as a beam, in which the load is applied slowly so that the conditions of 
test correspond closely to those of static loading. 

Strain. —Strain is the deformation or change of shape or sire produced 
in a material by the action of external forces. 

Stress. —The force exerted by the material of the test specimen 
in resistance to deformation is called stress. 

Tangential Hardness. —See Hardness. 

Tangential Shear.—See Shearing. 

Tangential Surface. —A plane section of wood in a direction tangential 
to the seasonal growth rings is called the tangential surface. 

Tangential Tension.— See Tension. 



43 


f XJ Lhuyb : Properties of Woods Grown in Indio. 


feetsion 

Tension Perpendicular to Grain .—This is a test of the strength of 
wood in resistance to splitting when it is pulled apart in a direction at 
right angles to the grain. The test is conducted either 

(1) to produce failure in a radial plane, (radial tension), or 

(2) to produce failure in a tangential plane, (tangential tension). 

Total Work .—See Work. 

If„j — Work is the product of the force by the distance through 
which it acts, and is proportional to the area under the load deflection 


curve. 

(1) Work to Elastic Limit. This is the amount of work per cubic 
inch absorbed by the specimen in stressing it to its elastic limit. 

(2) Work to Maximum Load .—This is the amount of work per cubic 
inch absorvod by the specimen in stressing it to maximum load. 

(3) Total Work .—This is the amount of work per cubic inch absorbed 
by the specimen up to the completion of the test. 

The following abbreviations for the names of different provinces, 
etc., are used in Table No. 2 :— 


B. &0 

C. P. 
Syn. 

TJ. P. 

Comp. 

Perp. 


Bihar and Orissa. 
Central Provinces. 
Synonym. 

United Provinces. 

Compression. 

Perpendicular. 
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Tabu No. 3,—PHYSICAL AND MECHANICAL PROPERTIES OF WOODS CROWN IN INDIA. 












* 

— 11 




1 

BUI 

SxM 

No. 

Species. 

1 

Looality. 

dumber 

of 

trees. 

Season¬ 

ing. 

Bing 

per 

inch. 

Volume 

at 

test* 

vmmH 

dtji ’ ^ 








j' ! $ 

' 1 

2 

3 

4 

5 

6 

7 


i 


Burma and Malabar 

14 

G. 

A. D. 

10 

•698 

•fill 

iUUt 1 -a 

-J 

131 

Terminalia menu (block chuglam) * 

South Andaman 

5 

G. 

A. D. 

* * 

*665 

*739 

# 1 
.♦ 1 

132 

Terminalia paniculata \k\rM) . « 

Nilambor, (Madras) 

5 

G. 

A.D. 

9 

•6S4 

•793 

m | 

183 

Terminalia paniculata (fctadai) • * 

KastKanara, (Bom¬ 
bay). 

5 

G. 

A, D. 

.a 

•638 

'6 S3 

•715 | 

134 

Terminalia prooera {wfaU bombmy) • 

North Andaman 

5 

• 

G 

A.D. 

8 

*520 

•559 

*567 | 

“ ,<■] 

135 

Terminalia pyrifoiia (lent) . 

Pymmana, (Burma) 

5 

G. 

A, D. 

b 

•631 

m 

•732 | 

• * | 

136 

Terminjlia tomentosa (laurel) • * 

Ramnagar, (U. P) • 

5 

G 

A.D. 

8 

•707 

•752 

•807 

* « 

137 

Terminalia tomentosa (laurel) • * 

Malabar, (Madras) . 

5 

G. 

A.D. 

•• 

•746 

•809 

■840 

.. i,d 

138 

Vateria indioa {veilapmy) 

North Mangalore, 
(Madras). 

t 

4 

G. 

A.D. 

- 

483 

m 

•553 § 

139 

Xylia dolabriformis {pyinkado) . 

1 

Tharrawaddy, 

(Burma). 

5 

G. 

A.D. 

9 

•779 

•8681 

Ufi 

) Xylia xylocarpa (W) • 

. North Kanara, (Bom 
bay). 

5 

G. 

A.D. 

•• 

•716 

*W 

; -soil 
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INVESTIGATIONS ON THE INFESTATION OF 
PERIDERMIUM HIMALAYENSE, BAGCHEE, ON 
PINUS LONGIFOLIA. 

Part II. Cronartium himalayense, n. sp., on Sicertia spp. 
Distribution, Morphology of the Parasite, Patholo¬ 
gical study of the Infection, Biological Relation¬ 
ship with the Pine Rust, and Control. 


BY 

K. BAGCHEE. D.Sc\, D.I.C. (Lond.), 

Mycologist, Forest Research Institute, Delira Dun, 

I. INTRODUCTION. 

In accordance with the idea that the hitherto unknown alternate 
stage of the blister rust of chir (Finns longifolia , Roxb.) might be found 
at the close of the rainy season and within close proximity to the in¬ 
fected pine stands, a search was carried out in October 1927 to discover 
this stage* The outbreak of this disease which from early accounts 
appeared in sporadic form in some of the cMr forests of Kumaon even¬ 
tually appeared as a typical wide-spread epidemic involving heavy 
loss in the young pine stands in the Kumaon and Garhwal Himalayas. 
Reports of its spread to virgin and healthy regeneration, both artificial 
and natural, have been frequently received since this investigation was 
taken up in the early part of 1927* 

From the previous field investigations, it appeared that the source 
of infection was, in all probability, not very far from the infected pine 
area. Some of the infected compartments stocked with young pine 
appeared quite isolated. In some ot the areas the infected trees were 
separated from the nearest young and healthy growth by a compart- 
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meat containing a more advanced and uneven-aged crop. Occasionally 
a ridge stocked with poles and mature trees separated the infected from 
the uninfected stands, while the ravines which formed the natural boun¬ 
dary of the compartments were generally grown with various broad¬ 
leaved species consisting mostly of Pirn's ovalifoUa, Myrica nagi, Pyrus 
pashia, Oratagm crenulata, Rhm parviflora, Rota mosehata, Ficus spp. and 
others. 

In other areas, tracts of cultivated land often bordered by a mixed 
vegetation of various speoies of semi-wild and cultivated plants formed 
the boundary of these pine forests stocked with saplings and pedes. 
These species growing on the edge of the forests and cultivated lands 
varied from one area to another. 

The floor of the forest, on the other hand, was thickly covered by 
grasses, ferns and annual herbs, some of which had grown up to 3 ft. 
in height after the monsoon rains. Here, again, the species of these 
annual herbs varied from one area to another so much that even within 
the infected compartment any attempt to confine the search for the 
alternate host to a number of selected species which formed the so-called 
common associates of chir forest was considered useless. Consequently, 
the proposal to restrict the search to a few selected species of broad- 
leaved trees outside the infected compartments was ultimately given 
up. 

It waB decided to concentrate attention on one such isolated area 
and to make in it a thorough search on each and every species, without 
miaaing any, if possible, starting from within the compartment and 
gradually extending all round to a range of 200 yards. 

After having conducted a general search inside the infected compart¬ 
ment it was considered well worth while to extend this to the ravines 
which demarcated these compartments. A list of species forming the 
associates of Finns longifolia forests in Kumaon was also prepared. 
During the final search the broad-leaved species and ferns which formed 
the common associates of pine were carefully examined for such rusts 
that could tentatively be taken as the possible alternate stage of Peri- 
dermium himalayense for inoculation experiments. 

The search was started in compartment 2 at Kaligadh block, Ranikbet, 
which appeared to be a specially suitable area for this purpose. 
Two foreign pines are present here, P. pmderosa and P. arizonioa which 
were sown by Mr. H. G. Champion, Silviculturist, Forest Research 
Institute. The majority of these plants about 60 in number are P. 
arizonioa which, like chir is also a 3-needled species; all appeared healthy 
and none dying like the adjoining chir. The area all round this plot 
was well stocked with poles and mature trees and tire nearest young 
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regeneration was at a distance of about 4 a mile in compartment s and 
stall flutter away in compartment 8*. These two compartments are 
separated from this experimental plot by a ridge which rises up to about 
300 ft. or more and maintains more or less advanced pole stands from the 
slope up to the spur facing the infected plot from the north-east, the 
general aspect of Kaligadh being south-western. From the point of view 
of making a thorough search this isolated area was considered very 
suitable. It was observed during the previous tour, in May and 
June 1927, that the fungus had killed about 60 per cent, of the saplings, 
the remaining young plants appearing in a moribund condition and 
there being hardly any sapling which cjuld be taken as free from in¬ 
fection. 

Field work was started in October 1927. The monsoon rains being 
just over, the floor of the forest was thickly covered with various tall 
grasses, ferns and other herbs with frequent bushes of barberry, Rubus 
and Crataegus. In the ravine which formed the south-eastern boundary 
there were Myrica nagi, Pyrus pashm, Ficus spp., Rosa moschata, Pieris 
ovaUfblia and a few other broad-leaved species. Closely associated 
with the grasses and ferns there were also species of Swertia, of which 
S. data (Frontispiece) appeared to be the predominant one. These 
herbs appeared to be flourishing in this area and some of them has 
grown to a height about 2'-6*. The lower leaves, evidently the oldest, 
were noticed to be rotting, due to the attack of a rust fungus. 

On examination it was found that these leaves were heavily covered 
by a rust whose telial columns were projecting from the lower surface 
of the blade like felty outgrowths. The infection on the leaves appeared 
to be in more or less roundish patches J to | of an inch in diameter and 
sometimes extending to almost the whole of the under surface of the 
leaves. The colour of these patches varied from orange and rusty brown 
(uredosori) to a mixture of pale rusty and dark brown (teleutosori). 

Microscopic examination of the fungus in camp showed the rust to 
be a species of Cronartium. The uredostage in most of the leaves was 
almost over and the teleutocolumns were coming out from them. The 
small hair-like outgrowths which by their close association formed a 
felty mass on the leaves were really the innumerable teleutocolumns. 
The teleutospores were producing sporidia in profusion. The sporidia 
germinated in spring water, distilled water, and rain water and produced 
germ tubes in 12 hours. 


* This fungi** ha* since spread to compartment 5 and specially to compartment 8 
whioh contains a large amount of young growth on both sides of the spur. Infected 
Suwtia plants were collected from the vicinity of the dead pines and from the firedine 
during the inspection in October and November 1929. irf 
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This discovery led to a farther search through most of the infected 
areas which were inspected during the previous summer and Swertia 
plants with Cronartium infection were collected from the compart¬ 
ments ot in the neighbourhood wherever Peridermium had been observed 
on P. longifolia during the summer. At the same time it was also noted 
that this fungus was absent on Swertias in those blocks where the pine 
was yet free from infection. 

The exotic 3-needle pines, P. arizonica and P. ponderosa which were 
growing side by side with P. longifolia, appeared to be entirely free from 
the attack of the stem rust. There was no other species of pine in the 
neighbourhood at Ranikhet. Blue Pine (P. excelsa) is occasionally 
planted in gardens in such hill stations in India so a thorough search 
was made for it in the Chaubatia gardens and plantations and in private 
compounds in Ranikhet in order to be quite certain that this infection 
on Swertia plants had not come from any stem Peridermium, other than 
Peridermium himalayense. But no such tree, not even a garden speci¬ 
men, could be found at Ranikhet. About a dozen P. excelsa trees were 
noticed in the cantonment of Almora and 7 trees in Sitoli Forests, Almora. 
There was also a small plantation of P. excelsa in Banaik, China Range, 
Naini Tal. These plantations were thoroughly examined during the 
previous tours, in May, June and July 1927, and were inspected again 
in the following November for stem infection. But so far as the stem- 
form of blister rust was concerned, they were free from this disease. 
From these considerations the Cronartium on Swertia appeared to be 
significant and it was therefore proposed to carry out a detailed in¬ 
vestigation to establish, by cross inoculation experiments, the biological 
relationship, if any, between the two forms. The result of this investi¬ 
gation is recorded in the following pages. 


II. DISTRIBUTION OF SWERTIA IN THE HIMALAYAN AND 
SUB-HIMALAYAN FORESTS OF INDIA. 

Swertia is a genus belonging to the family Geniianaceae. Some species 
are annual herbs while others are perennial. They contain a bitter 
principle and one species in particular, Swertia chirata, is used practi- 
oally all over India as an indigenous medicine, more or less in the nature 
of a substitute for quinine, and is popularly known as “ chirata.” The 
decoction of this herb, especially of the leaves, is used as a preventive 
df malarial fever and in cases of liver complaints. Of the thirty 
species described by Hvoker in the Flora of British India (IS), five 
species, all of „ them sub-tropical annual herbs, were collected from 
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the infected and uninfected pine compartments of the Almora and 
Kami Tal Divisions. In general the Swertias have a wide distribution 
which extends from the tropical to the alpine Himalayas. Some species 
oocur frequently in the sub-tropical regions on the foot hills of the 
Himalayas (3,000 ft.-5,000 ft.) and in the Bhabar and Tarai. They 
are very common in the temperate Himalaya (6,000 ft.-8,000 ft.) and also 
spread into the Alpine Himalaya (8,000 ft.-10,000 ft.). The genus 
extends from the Karakorum ranges to Kashmir, Nepal and Bhotan 
as far as the far eastern ranges of Assam. It also occurs in the Deccan 
Peninsula chiefly in the hills of south west India. 

The common species which the writer collected from the pine forests 
of Kumaon are the following:— 

(1) Swertia angustifolia (Plate III), 

(2) 8. purpurescens, 

(3) 5. cordata (Plate IY, Fig. 4), 

(4) 8. alata (Frontispiece and Plates I & II) and 

(5) 8. paniculata. 

Of these S. angustifolia, S. purpurescens and S. cordata are present 
everywhere in these forests of Kumaon, while S. data and 8. paniculata 
are less common. Their distribution in the pine forests, especially 
those of West Almora and Naini Tal Divisions, is generally localised. 
They form a rather dense growth in small shallow depressions just at 
the foot of a slope where water accumulates, or along the edge of the 
ravines covered by mosses and ferns but rarely in the ravine. They 
are sometimes found on nearly level ground and occasionally on the 
spurs of ridges. They may occur as small isolated colonies distributed 
over a large area and when growing on the edge of the cliff, overhanging 
a low-gradient slope they often appear as small colonies. The number 
of plants forming such colonies varies from a few to hundreds. They 
may occasionally grow interspersed with other annual herbs, when 
isolated groups of a few plants are found here and there. 


III. FIELD STUDY OF INFECTION IN KUMAON AND GARHWAL 

FORESTS. 

(a) Distribution of various species of Swertia in the infected pine 
forests and extent of Cronartium infection .—During the course of this in¬ 
vestigation extensive areas of pine forests were searched in Kumaon 
for the alternate host of Peridermium hmudayeme. The following 
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blocks in which this search was conducted are described and the extent 
of pine infection indicated:— 


Division. 



Intensity of 
intention. 



1. Ranikhet . 


2. Cantonment 

3, Dwarahat 


4. Almora 


5. * Dewaldhar 


6 . Somes war 


7. Garkhet . 


8 . China 


9. Bhowali . 


10. South Gaula 

11. M&nora 


12. Pindar . 


13. Dhanpur . 


1. Kaligadh . 

2. Padholi . 

3. Ganeadftoli 

4. Cantonment 

5. Chaubattia 

6. Kapoli 

7. Chakargaon 

8. Manila . 

9. Kalima t . 

10. Baldhoti 

11. Sitoli 

12. Simtola . 

13. Chitai 

14. Ghurari . 

15. Ch&unsli . 

16. Pakhura . 

17. Materia 

18. Pharkanauli 

19. Jaulkande 

20. Dhaulohina 

21. Girechina . 

22. Maharp&li 

23. Garanath . 

24. Airadeo . 

25. Khajuri . 

26. Pyakham . 

27. Kmabdoli South 

28. Majkot . 

29. Bajgaon . 


30. Benaik 

31. Sukha 

32. Nichna 

33. Bhowali . 

34. Ninglat 

35. Gagar 

36. SatTal . 

37. Maheshkhan 

38. Tani 

39. Patlot 

40. Loiehusani 

41. Mongoli • 

42. Ruinsi 


43. Pindar-Par 

44. Pindar-War 

45. Deoaari . 

46. Dhanpur * 
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Symbols of pine infection 

****=very heavy, 

*** =heavy, 

** ^moderate, 

* =just starting or having only a few saplings infected 
here and there, 
t =free. 

It has already been mentioned in the introduction that Cro- 
nartnm-iniected Swertia was noted in all the pine infected areas and 
that where the pine appeared free from the rust the Swertias were also 
free. 

The following list shows the distribution of various species of Swertia 
in the above mentioned blocks and the scale of Cronartium infection as 
based on field study :— 






Intensity 

Host. 

Division. 

Range. 

Blocks. 

of 




infection. 

I. Swertia alata, 

West Almora . 

Ranikhet 

Kahgadh 

**** 

Roxb. 






Almora 

Pharkanauli . 

* 



Dwarahat 

Chakargaon 

**** 


Naini Tal 

China . 

Sukna, Nichna Be- 

**** 




naik. 




Bhowali 

Bhowali 

** 




Ninglat . 

**** 




Gagar, Tani . 

*** 


Garhwal . 

Pindar . 

Pindar-Par 

*** 



Dhanpur 

Dhanpur 

+** 

2. Swertia an - 

gnsHfolia, Ham. 

West Almora • 

Dwarahat 

Chakargaon . , 

♦♦♦♦ 


Almora 

Kalimat, Matena, 

**** 




Pakhura. 

Chitai and Pharka¬ 

* 




nauli. 




Someswar 

Garanath, Airadeo, 

*e 




Kajuri. 

t 




Py&kham. 

• 



* Dewaldhar . 

Dewaldhar . , 

M&harpali » . 

Dhaulchina 

t 

? 




Girechina • . 

Jaulkande « • 

i 
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Host. 

Division. 

Range. 

Blochs. 

Intensity 

of 

infection. 

2. Swertia an - 

guetifolia, Ham. 
— contd. 

West Almora 

Kami Tal 

Garkhet 

China . . 

Khabdoli South 

Sukha, Nichna, 
Benaik. 

**** 

** 


Garhwal . 

Pindar . 

Pindar-Par and Deo* 
Bari. 




Dhanpur 

Dhanpur « 

♦see 

3, Swertia cordata, 
WaU. 

West Almora . 

Almora 

Kalimat, Matena , 

me 


Someewar 

Garanath 

** 



Dwarahat 

Manila . 

t 


Naini Tal 

China . 

Sukba, Nichna 

** 


Garhwal . 

Pindar . 

Pindar-Par, Deosari. 

♦* 

4. Swertia pur - 

pureecem r, Wall. 

West Almora . 

Almora 

Kalimat, Sitoli, 

Matena, Pakhura. 

t 



* Dewaldhar . 

Jaulkunde, Mahar- 
pali. 

t 



Someswar 

Aredeo, Pyakham, 
Kajuri. 

t 


Naini Tal 

China . 

Sukha, Nichna, 
Benaik. 




Manora 

Mongoli, Ruin si, 
Loichusani. 

t 



South Gaula . 

Patlot . 

t 



Bhowali . 

G a g a r , Bhowali, 
Tani, Ninglat. 

t 


Garhwal . 

Pindar . . 

Pindar-Par, Deosari, 
Pindar-War. 

t 

6 . Swertia pani - 
culata , Wall. 

West Almora . 

Almora 

Chftunsali, Ghurari, 
Sitoli, Matena. 

t 



* Dewaldhar . 

Maharpali . . 

t 


Naini Tal 

Bhowali 

Bhowali, Gagar, 

Tani. 

t 



China „ 

Benaik, Sukha, 
Nichna. 

t 


* N .B.—The Dewaldhar Range has recently been abolished and the block* Me 
redistributed^to Almora and Garkhet Ranges, 
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Soak of infection — 

(i) ****—on leaves, stem, flower-stalk, capsules, calyx-lobes, 

practically all over the green parts of the plant. 

(ii) ***—on leaves and stems. 

(in) **—moderate infection of leaves only. 

(iv) *—Just a few small patches on one or two leaves which 

appear on a few plants. 

(v) f—no infection whatsoever. 

From the above description of the diseased pine stands and the distri¬ 
bution of Swertia in the Kumaon and Garhwal chir forests it is reasonable 
to expect that in course of time this blister-rust will spread to those 
blocks which now appear to be free from this disease. The seoidio- 
spores are carried a long distance by wind and other agencies and being 
protected by a thick wall they retain their viability for a considerable 
time. Infection of susceptible broad-leaved hosts is known to take 
place by such long-travelled spores under favourable atmospheric condi¬ 
tions. S. angustifolia may therefore be regarded as a source of danger 
to the young regeneration in the area where it grows. In fact, 
it is difficult to say with any degree of certainty that the blister-rust 
is definitely absent from any block of chir forest in Kumaon and 
Garhwal. 

Towards the end of November it appeared that the Swertia plants 
were dying down. There was early frost all over these hills and snow 
fell on the China range and Benaik saddle by the middle of December. 
This change of weather perhaps brought the season of Swertia to an early 
close, but even then a careful search in the earlier part of December 
revealed the presence of the Cronartium fungus on the fallen leaves 
and leafless stems which were still to be seen here and there. By the end 
of December it was difficult to find any Swertia plants in the forests, 
the soft parts had completely decayed and only portions of their stems 
which were found standing here and there signified their presence in these 
forests earlier in the season. 

(6) The distribution and aspect of the infected Swertia-field with reference 
to the infected pines. —The distance of the infected pine stands from the 
colonies of Swertia plants bearing Cronartium infection, which are re¬ 
ferred to as “ Swertia-fidds ” in the following pages, appealed to be a 
variable factor in different compartments. For instance, in Kaligadh 
compartment 2, Ranikhet, Swertia alata plants were interspersed with 
the infected saplings and some of them growing at a distance of one to 
three yards from the diseased pines. The case with the Kalimet com-* 
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partments 1 and 3 was different. S. angustifolia, the important fungus¬ 
bearing species in this block, was growing on a small level field and the 
heavily infected plots of pine were lying on both sides of this Stoertia- 
field at a distance of SO and 70 yards. There were cases of isolated 
infection of pines here and there below the two spurs facing compart¬ 
ment 1 from a north and north-easterly direction and these may be 
related to small colonies of infected S. angustifolia consisting of a few 
plants which were found in the close vicinity of the diseased pines. In 
the same range in the Baldhoti, Simtola, Pakura and Matena blocks 
S. angustifolia infected with Gronartium was also noted in colonies con¬ 
sisting of 10-15 plants. They were growing within close range at a 
distance of 5-10 yards from the infected groups of pine. 

The infected compartments of Khabdoli South, Garkhet range, 
viz., 27, 28, 29 and 80, presented an interesting case from this point of 
view. The compartments have a general south-westerly aspect. Over¬ 
looking compartments 27 and 28 and partly 30 from the northern side 
there is a long ridge with a number of depressions or furrows dividing 
it into 6 or 7 small peaks. The relative elevation of these peaks from 
the forest path varied between 50 to 120 ft. This ridge is the water¬ 
shed between the Lahore and Gumti rivers and forms the fire-line 
separating the North and South Khabdoli blocks. Consequently it is 
burnt annually and is heavily grazed by cattle. Along this water-shed 
there were about 4 small fields teeming with Swertia angustifolia. These 
plants were heavily infected with Gronartium. Proceeding along the 
forest path, which divides the compartment 27, a gradual increase in 
the percentage of pine infection from 2 per cent, to 5 per cent, approxi¬ 
mately was noticed, until a plot lying about the middle of compartment 
28 was reached. In this plot the number of infected pines appeared to 
increase rather abruptly and the casualties were approximately 15 per 
cent. The situation of this plot was at a distance of about 30 yards 
in a south-easterly direction from one of the /Swerito-fields. The next 
plot whioh showed a higher rate of mortality, approximately 22 per 
cent, was lying in a south-westerly direction and at a distance of about 
50 yards from another field of 8. angustifolia. The most heavily in¬ 
fected pine plot in this block was recorded covering partly compartments 
28 and 30, t.e., on the northern boundary where these two compart¬ 
ments meet. The blister-rust had taken a heavy toll, for about 30 per 
cent, of the young regeneration had already been killed and about 40 per 
cent, saplings bearing the secidial fructification of the rust were doomed 
and the rest appeared in a moribund condition. It was difficult to 
say if any of the apparently healthy saplings were free from infection. 
These trees appeared to have received infection from two fields of in* 
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fected & anguMifolia, one situated on the southern spur at the termina¬ 
tion of the above-mentioned ridge and at a distance of about 65 yards 
from the middle of this pine stand and the other at a distance of about 
80 yards from the same centre of disease. The young growth, conse- 
quently, appeared to be receiving infection of sporidia in a north-easter ly 
direction from the first source and north-westerly direction from the 
second source, while the infection of Swertia might have taken place 
from the same aecidial source in the reverse direction, i.e., from a south¬ 
westerly and south-easterly direction. Another field of S. angudifolia 
with a heavy Cronartium infection was noted on a small flat lying between 
compartments 29 and 30. 

In the controlled-fire experimental plot of Phakranauli, Barechina 
block, Almora range, specimens of S . ala fa with Cronartium fungus as 
well as S. pur'purescens without fungus were collected from the plot D 
which is subjected to controlled burning twice and from plot C which is 
burnt every year under control. 

The isolated distribution of S . anguslifolia in the heavily infected 
diseased pine forests was observed in the Chakargaon plantation in 
Dwarabat range, West Almora. Several gaps (Plate V) had been 
formed in this block due to the heavy mortality of the saplings and 
attempts to re-stock them by occasional sowings in patches have so 
far failed. 

In Nichna block, Naini Tal division, *Stcertm-fields with heavy in¬ 
fection of Cronartium were noted on the fire line along a ridge on the 
north-western face of compartments 8 and 9, while in Sukha block the 
source of infection was seen to be spread all over the compartment. The 
species which bore the Cronartium stage were 8. alata and 8. cor data 
of which 8. alata had a heavy infection of the fungus. In the Gagar 
(Sbamkhet), Bhowali and Ninglat blocks, Bhowali range, Naini Tal 
division, S . alata was the only species noted with this fungus and was 
similarly distributed as in the Kaligadh compartments, Ranikhet, and 
the Sukha blocks of the China range, Naini Tal. In the Gagar blocks 
a small field of S . alata was noted in a shallow' depression facing the 
pine-infected area from a north-westerly direction. 

In the Garhwal division, so far as was inspected, the distribution of 
Swertia hosts in Pindar-Par, compartment 27, appeared rather scattered 
and S* alata and 8. anguslifolia were the main species. The pines were 
growing on steep slopes with a more or less south-westerly aspect. The 
broad-leaved hosts were found here and there in shady depressions at 
the foot of over-hanging rocks and also on the fire-line. In the Deosari 
regeneration atea, compartment 11, the distribution of S. cmgustifolia 
was rather scattered, while in compartment 12 this species was noted 
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as small fields in the depression at the foot of the north-eastern ridge 
forming the fiie-line. 

The direction of the prevailing wind in Kumaon and Garhwai during 
the months of June, July and August, i.e., prior to and during the 
monsoon, when dissemination of eecidiospores takes place, is south 
and south-easterly, while during October and November, when the 
pine infection takes place, the direction of the wind changes to north¬ 
westerly. The topography of the land causes local variations, such as 
in the Almora range proper which does not get the north wind directly 
during the autumn and winter as it is protected by the higher range of 
Binsar. But in general, the above observations explain the wind dis¬ 
semination of spores in those cases where the Sweriia hosts appear in 
colonies either within or near the infected pine stands. In these forests 
the relation of two hosts with reference to direction or aspect is such 
as can be interpreted in the following lines. The wind borne secidio- 
spo.rcs are carried from the pines by the south-easterly wind during the 
rains and infect the Stvertia plants which are generally found on the 
north-western slopes of pine forests, while in October and November 
the sporidia are carried from the Sweriia to the pines by the north¬ 
westerly wind then prevailing. Where the Sweriia plants are inter¬ 
spersed with the infected pines the infection takes place at close range, 
dissemination of spores taking place during the calmer weather helped 
by any slight breeze. 

(c) The relation between the dissemination of acidiospores and the 
appearance of the uredosiage on Sweriia—A great deal of time was de¬ 
voted to the study in the field of the relation between two important 
facts in the history of this disease, viz., the gradual disappearance of the 
secidial stage in late summer and early rains and the subsequent appear¬ 
ance of the uredostage on the Sweriia host. The data available in 
course of the field study in June and July 1928 very strongly suggested 
the possible inter-relation of the two forms of the fungus—the secidial 
stage on Pirns longifolxa described previously as Peridemium hima - 
hyense and the Cronartium fungus on Sweriia discovered ill October 
1927. The meteorological data available are unfortunately rather 
scanty in these ranges where pine infection had been studied, con¬ 
sequently the writer has had to depend on the reports from the stations 
where such data are kept. On receiving information that the monsoon 
had started on these hills the writer left Dehra Dun on the 7th June 
1928 and went to these forests but found on arrival there that though 
the early monsoon showers had fallen proper monsoon conditions had 
not set in. There had been, in fact, several showers between the 4th 
ud Nth Jue. Yum He rijJt of He Eih till the 10th it h#d rained 
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rather heavily at Ranikhet and Almora but this was broken by a dry 
period of about 2 weeks. 

The inspection of Kaligadh compartment, Ranikhet, at the end of 
June showed that 17 saplings of pine had already shed all their spores. 
The eecidial sori had discharged the spores and the disintegrated peridia 
were partially eaten by insects. Bleached spores were, however, traced 
all over the crevices of the bark of the dead trees and a large number 
of spores were found lodged inside the bark in which the sori are ge¬ 
nerally embedded and in the base of the small pockets formed by the 
sori. These spores were mostly covered by the excreta of insects and to 
a great extent by exuded resin. When the resin covering was removed 
carefully it was found that some of these plastered up spores had retained 
their orange colouring and perhaps their viability. These were undoubt¬ 
edly the spores from the early summer fructifications. There were 11 
saplings just dying ; they bore a large number of yellow pustules which 
could be seen fr6m a short distance. A closer examination of these 
specimens showed that though the early monsoon showers had disinte¬ 
grated about 60 per cent, of the sori and had dislodged most of the 
spores from these sori, at least 15 per cent, of the fruit bodies still had 
the peridium intact. These dislodged spores, carried by rain, were 
deposited on the bark and appeared as streaks of OTange-yellow all round 
the stems of the infected saplings, down to the base of the tree. The 
ground at the base of the tree was in some cases dusted with the orange- 
yellow spores. The sheaths and leaf blades of several species of grasses 
and the lower branches and leaves of dicotyledonous species growing close 
by the infected pines were also dusted with spores. Swertia was 
not noticed in Kaligadh compartment just at this time. 

On the 2nd July, the Kalimat plantations, Almora, which are about 
15 miles south-east of Ranikhet as the crow flies, were inspected. By 
that time three more moderate showers had fallen. In this area about 
80 per cent, of the infected saplings, some of which had already died 
and others showing signs of dying were devoid of the secidial pustules, 
the peridia having disintegrated and spores washed away. These 
trees presented the same pathological features as those of the Kaligadh 
compartment already described. The remaining 20 per cent, of the in¬ 
fected saplings which also appeared in a moribund state had a large 
number of these pustules in an unopened condition. But in cases where 
the peridium had become disintegrated and the spores discharged, a 
careful examination showed the sori to have retained a large number 
of spores apparently in a viable condition. Also a large number of spores 
lodged in the crevices of the bark of such infected saplings appeared 
as orange coloured streaks all over the stems, 
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The gradual progress of spore dissemination was studied for another 
three weeks during which rain fell in intermittent showers, till finally 
the monsoon broke and the writer was fully convinced that even though 
some continuous and heavy showers had fallen for sometime, it would 
be possible to detect by the end of August a large number of spores in 
an apparently viable condition at the base of the pustules. These spores 
would germinate by the end of July if favourable atmospheric condi¬ 
tions, i.e., low temperature and humidity, prevailed. These are the 
conditions, as verified by inoculations in the following year, which ate 
suited for natural infection. The dense mist which hangs over the forests 
in the later part of monsoon and cuts off the intensity of sunlight for 
hours and at the same time keeps the surface of the leaves of the Swertia 
hosts well sprayed with moisture is an important factor which favours 
the infection of this rust. By the third week of June S. angustifolia 
was noticed in Kalimat and by the 1st week of July S. alata was observed 
at Kaligadh. By the end of July Swertia plants had come out all over 
these forests in Kumaon. 

Simultaneously with the gradual disappearance of the secidial stage 
the appearance of the uredostage was noted. The first case of undoubted 
infection of the leaf of S. cordata was seen on the 4th July and that of 
S. angustifolia on the 6th July at Kalimat, Almora. By the middle of 
July as one got accustomed to it numerous cases of leaf infection were 
noticed. The pale spots on the leaf blades gradually extended and 
became raised and ultimately developed into uredosori This change 
was easily observed on S. angustifolia which was the most susceptible 
of the three species growing in Kalimat. After this the writer left- the 
forests and the subsequent events of the succession of the uredo and 
telutostages were studied from specimens of infected Stoertia received 
from the field weekly. The first teleutosori on S. angustifolia were 
noted from specimens collected by the middle of August. Specimens 
of S. alata showing the uredostage were received by the middle of July 
and these showing the teleutostage about the end of August. 

IV. MORPHOLOGY OF CRONARTIVM HIMALAYENSE 

sp. nov. 

(a) The uredostage. —The uredosori appear on the under-surface of 
the leaves as irregularly distributed round or circular patches, and 
finally spread on to the stems and calyces as close colonies of an orange- 
yellow to rusty yellow colour. They are 160 to 200 pi in diameter, 
and dehisce by a central pore which opens at the stomatal region at first 
but this opening gradually extends outwards owing to the pressure of 
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the increased spore-formation, and, as the uredospores mature, the 
peridium is forced up into the dome (Plate XI, Figs. 1, 2, 3 and Plate 

XII, Figs. 1 and 2), resulting in the loss of the outline and regular shape 
of the peridial cells which become flattened and almost indistinguish¬ 
able ; peridium evanescent, delicate, colourless, cells elongated to obovmd 
16-6 x 13-5 {a to 23-5 x 18-5 jj. ; uredospores orange-yellow in mass, 
ovoid or ellipsoid, 18-8 x 14-8 p, to 26-5x18-5 |a , averaging 22*5 X 
16-5 (A, wall light yellow to light orange, 2 to 3 (a thick, sparsely and 
sharply pointed (Plate XVI, figs. Go and 66). The uredospores were 
collected from the mature uredosori and were removed from the under¬ 
surface of the leaves by a fine brush and were examined while fresh from 
day to day in glycerine water. The average was taken from 1,200 
measurements from 3 sets of spores, the larger, the medium and the 
smaller set, each set consisting of 400 spores. 

(6) The teleutostage .—The teleutosori arise either from old uredosori 
or as entirely new and separate entities (Plate XIII, figs. 1 and 2 and 
Plates XIV and XV). In the former case the teleutocolurans are first 
produced from the central part of the uredosori and are surrounded 
by a region of oells which consists of disintegrated uredosori (Plate 

XIII, fig. 1). In the later case the development of the teleutocolumna 
starts from the central mass of hyphse growing in the sub-stomatal 
vesicle of the infected leaves (Plate XIII, fig. 2). As the spore column 
lengthens the peridium is pushed up into a dome, which later on rup¬ 
tures and goes to p.eces. The fully developed mature spore columns 
appear as curved hairy growths on the under-surface of the leaves and 
finally on the stems and other green parts of the plant (Frontispiece, 
Plates I, II, 111 and IV). They have a walnut brown colour, size 450 
X 50 {A to 800 x 85 [A, average length 750 (a and thickness 80 (A ; spores 
light brown cylindrical to polyhedral or occasionally spindle-shaped 
(Plates XIII, XIV and XV). The teleutospores may touch one another, 
sometimes abutting on their neighbours, or they may be interspaced, 
comers rounded or obtuse at both ends, 27-2 x 12-6 ja to 39-5 x 18-5 [A , 
wall smooth, thickness -08 to 2-5 [A. The spores mature from the centre 
outwards as noted by Colley (11) in the case of Oronartium ribicola. Most 
often those of the middle region germinate earlier than those forming 
the tip of the column. Sporidia delicate hyaline, globoid, 5-5 to 6-5 {A, 
germinating easily and producing germ-tubes (Plate XVI, figs. 5A, B and 
C) in 8 to 12 hours. 

(c) Succession of uredo and teleuiostages .—During the past three years 
of actual field study, the data for this line of investigation were collected 
from the experimental area at Kaligadh forest block, Ranikhet. The 
forests in this area being surrounded by hills on all sides retain sufficient 
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moisture to keep the herbaceous Swertia host alive longer and being 
also sheltered from the north they keep warm till late autumn. This 
area therefore appeared very suitable for this purpose. 

As in Cronartium ribicola, so with this fungus, there is generally 
a successive series of uredospore productions which are again followed 
by a similar series of teleutospore crops. In 1927 when this fungus 
was first noticed in Kaligadh seven series of uredospore crops were 
counted. This was succeeded by a mixed crop of both uredo and teleu- 
tospores till the end of October. In 1928 the succession of pure uredo- 
crops came to an end by the 2nd week of August and there were about 3 
series of crops of this stage. In 1929 about 5 series of uredospore crops 
were noticed. From the point of view of weather conditions as will be 
shown in a succeeding chapter, the years 1927 and 1929 were favourable 
for the natural infection of » Swertia. A pure uredostage is generally 
of short duration and terminates by the end of August or even earlier 
depending on the weather conditions. The uredostage may there¬ 
fore be regarded as the repeating phase in the life cycle of the fungus 
the infection being carried from the infected to the umntecreci leaves of 
the same species or of different species if me species is a susceptible one, 
till the warm summer condition changes. 

As compared with the uredosori, the teleutosori are produced in 
relatively greater abundance with each succeeding generation. Up 
to six distinct waves of teleutospore crops were counted in 1927 and 
about three crops in 1928, while in 1929 four series of this crop were 
noticed in Kaligadh forest block, Ranikhet (Plate I). 

The teleutospores germinate and produce at first a knobby out¬ 
growth, the young promyceliuin, while attached to the leaves and other 
green parts of Swertia plants (Plate XVI, Fig. 1). In the course of 
further development this structure divides twice and ultimately produces 
a four-celled promycelium (Plate XVI, Fig. 2). Each cell of the promy- 
oelium germinates and produces an elongated structure, the sterigma, 
bearing a sporidium at the tip. The sporidia, when mature, are dis¬ 
charged and the promycehum collapses (Plate XVI, Fig. 3). The 
sporidia germinate frequently when moist weather prevails. If teleuto- 
eolumns are collected during a wet morning and examined under a 
microscope, one can easily observe mature sporidia germinating and 
sticking to the teleutocolumns. They can be germinated easily in a 
moist-chamber slide and successive stages in the development of germ- 
tube may be seen (Plate XVI, Figs. 5 A, B and C). 

(d) Technical description of the fungus.—Cronartium himalayense 
sp. nov ; synonyms, Uredo opheliae Sydow (27), Peridermium complanatum, 
var. corticola, Barclay (5), Peridermium himalayense, Bagchee (3),— 
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Pycnidia caulicolous, under phelloderm, small, inconspicuous, 
scattered, forming minute blister-like swellings, exudation orange-yellow, 
mixed with resin or sweet fluid; spores hyaline, colourless when single, 
light yellow in mass, ovoid to ellipsoid, averaging 4-2 x 2-5 fx. 

I. Aeddia caulicolous, large, prominent, usually separate sori, on 
small branches elongated or short protuberating sacs, on trunks of trees 
occasionally confluent, 4 to 12 mm. long with 2 to 6 mm. diameter 
colour orange-yellow; spores orange-yellow, obovoid to elliptical, 
averaging 24*7 X 17*4 |x, outer wall coarsely verrueose, epispore (including 
tubercules) measured from end view 3 to 3-75 jx, measured from side 
view 3'5 to 4-5 jx, peridia thick, persistent, multi-layered, 3 to 4-celled, 
ridged and furrowed on the top and finely grooved laterally, rupture 
by irregular fission along the lines of grooves and at right angles to them 
or by irregular cracks on the top of the dome, long and short dimen¬ 
sions measured from the middle of fully developed peridia averaging 
27*9x18-2 (X, external wall of the outermost peridial cell including 
tubercles 5-2 fx ; filamentous outgrowths from the inner wall of the peri- 
dium, length 2 to 4-5 mm. 

On Pinus longifolia. 

II. Uredosori hypophyilous, spreading on to the stem and other green 
parts, scattered to sub-gregarious, hemispherical, colour orange-yellow 
to rusty-yellow, 150 to 200 fx in diameter, dehiscent by a central pore 
which opens from the stomatal region at first and finally extends out¬ 
wards ; peridium evanescent, delicate almost indistinguishable in mature 
sori, cells elongated to obovoid averaging 20-5 x 14-5 jx ; spores orange- 
yellow in mass, ovoid or ellipsoid, averaging 22-5x16-5 [X, wall light 
yellow to light orange, 2 to 3 jx thick, sparsely and sharply pointed. 

III. Tvleutosori hypophyilous, finally spreading on to stem and all 
green parts of plants, cylindrio, 750 [x long, 80 jx thick, colour walnut 
brown; spores light brown, cylindrical to polyhedral or occasionally 
Spindle-shaped, corners rounded or obtuse at both ends, averaging 37-5 X 
18-5 [i, wail smooth, thickness -08 to 2-5 jx ; sporidia delicate, hyaline, 
globoid, 5-5 to 6-5 (x. 

On Swertia spp. 

Swertia ulata, Roxb. West Almora, East Almora, Naini Tal, Garhwal 
and Chakrata divisions and the Mussoorie hills. 

Swertia angustifolia, Ham. West Almora, East Almora, Naini 
Tal and Garhwal divisions and the Mussoorie hills. 

Swertia cordata, Wall. West Almora, Naini Tal, Garhwal and 
Bashahr divisions and the Mussoorie hills. 

The uredostage of this fungus was previously described by Sydow (27> 
as Uredo ophdice. The genus Ophelia (of the family Oentiamoeae) has 
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been reduced to a sub-genus of Swertia (18). The complete stages of 
the fungus or its biological relationship with the pine rust have not been 
described before. It is therefore proposed to rename it Oromrtmn 
himalayense sp. nov. to be in uniformity with the secidial stage which has 
been described as Peridemiwn himalayense (3). 


V. EXPERIMENTS ON GERMINATION OP SWERTIA SEEDS. 

The five species of Swertia which have lieen dealt with in this investiga¬ 
tion have already been described as annual herbs. They appear in the 
forests during the early monsoon and die off entirely by the end of autumn 
or early winter according to the aspect and locality in which they grow, 
leaving their seeds in the grass and on the moss covered floor of the 
pine forest to re-appear next season when conditions become suitable 
for germination. For the purpose of cross inoculation experiments it 
was considered essential that the plants should be grown under control 
in a place far from the infected pine stands. The seeds were collected 
from various ranges of Almora and Naini Tal divisions and from as many 
compartments as possible, both from infected plants and from uninfected 
plants, and they were put in separate bottles. The size of the seeds 
varies. They are very small, approximately 1 mm. xf mm. 

The places selected for these experiments in 1928 were Dehra Dun 
(elevation 2,000—2,200 ft.) under semi-tropical conditions and Mussoorie 
(elevation 6,000—7,000 ft.) under temperate conditions. This latter 
place is 22 miles from Dehra Dun and u ithin easy reach by motor-road. 
The first sowing of seeds was done on the 6th February in fine washed 
sand moistened with (i) distilled watet, (ii) Knop’s solution | and (iii) J 
strength, and (iv) in ordinary tap water. On the same day a second 
set of sowing was done in (v) a mixture of leaf mould and fine garden soil 
and (vi) in leaf mould and fine washed sand mixtures. There were two 
set® of each medium, one set was taken to Mussoorie and the other left 
at Dehra Dun. The sowings were repeated again at intervals of two 
weeks till the 6th of April, each time all the above media being used, 
and the result was awaited. There was no germination at all. 

The second attempt to germinate the seeds was made about the middle 
of May and as before the experiments were repeated using all the above 
media. This time about 2 per cent of the seeds germinated but all of 
them perished due to heat and dry weather prevailing at both the 
stations. 

The third attempt was made about the middle of June and this time 
about 3 per cent of the seeds germinated. Those at Dehra Dun perished 
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due to the heat and dry weather whereas a lot at Mussoorie survived but 
remained in very poor condition. 

The fourth set was sown three weeks later, on the 10th July, and tins 
time soil from the forest of Almora and Ranikhet was used for the culture. 
The result was still better and about 5 per cent of the seeds germinated. 
It took about 15 days for the maximum number of seeds to germinate. By 
this time there were several showers which brought down the tempera¬ 
ture and humid conditions prevailed. The seedlings survived, but their 
growth was very poor and the seedlings maintained only 2 pairs of leaves 
throughout their life. Those sown at Mussoorie started germination by 
the middle of June. Germination was however poor and the seedlings 
remained in a dwarf form with only 2 pairs of leaves. An attempt was 
made to inoculate them, but they soon perished naturally. 

While the above experiments were in progress field observations 
were made to note the time when Swertia appear in the forests. In¬ 
spection at Kali mat showed that by the end of June the Swertia seedlings 
had just come out and that S. cordata and S. purpurescens were the two 
species wliich appeared early in the season. They were growing in small 
shallow depressions covered with moss and in places where some amount 
of moisture had been retained. There was no germination on the ridges 
and slopes even then. After a careful search all over the compartments 
for four days, from 28th June till 2nd July, the writer collected 27 seed¬ 
lings of S. cordata about J inch to 3 inches high and 36 seedlings of S. 
purpurescens 1 inch to 6 inches high. S. angustifolia was noticed one 
week later. By the third week of July all the three species came out 
profusely and they gradually covered the places where they were recorded 
during the month of October in the previous year. 

In Kaligudh, Ranikhet, a few seedlings of S. alata were noticed by 
the aeoond week of July and a good many of them were visible wi thin a 
fortnight after. The year under consideration was abnormally dry 
and the monsoon was later by about 10 days than is usual in the 
Kumaon hills. By the first week of July the monsoon started in full 
swing. The rain continued for days with occasional breaks, sometimes 
a heavy downpour being followed by a drizzle, a phenomenon common 
during these rains. The atmosphere was saturated with moisture and 
during the interval when the rain stopped mist and fog covered the 
vegetation. This kind of weather continued practically till the end of 
August. 

It appears from the above experiments that there is a long 
post-maturing period for these seeds and that of the seeds that are 
produced hardly 7 per cent germinate in nature, the rest being sterile. 
These facts were farther supported when the germination experiments 
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were repeated the next year in Almora and when attempts were made to 
raise the Swertia plants for inoculation experiments in the locality where 
they naturally grew. 

In the following year, 1929, the 5 species of Swertia common in the 
pine forests of Kumaon, as mentioned previously, were raised artificially* 
From the experience of the previous year’s field observations and germina¬ 
tion experiments, it was known that the earliest crops of Swertia 
’ were found growing through moss beds in shallow depressions of the 
forests and that the moisture for such process was supplied by the occa¬ 
sional light showers of early June and the heavy night dew which falls 
on the hills in the summer months, A different method was therefore 
adopted for germination experiments in the following year* The place 
selected for this purpose was in the compound of Circuit House, Almora, 
which is about 2 miles from the infected pine stands of Kalimat. Small 
seed beds were made with a slightly shallow depression and a thin dressing 
of moss covering was given to these beds to simulate the natural beds of 
the forests but they were not watered at all. At the same time germina¬ 
tion boxes filled up with the soil of the forests and treated with the 
moss-dressings in a similar way were set up. The boxes were watered 
twice daily from the 1st May till the middle of June when the early 
showers of the monsoon had fallen. This was done to force if possible 
early germination. Profuse germination in the boxes was noticed 10 days 
later. The moss cover not only helped germination but also supplied 
the necessary moisture to further the growth of the young seedlings. 
Of the five species, S. purpurescens , S. cordata and S. panicidata ger¬ 
minated well and grew to the proper size in the time calculated for inocula¬ 
tion experiments. But S. alata and $. angustifolia made very slow 
progress after germination. They appeared to be about 4 weeks behind 
the time they naturally come out in the forests, i.e., when the seedlings 
in the forests were about 3 to 9 inches with 12 to 20 pairs of leaves, the 
artificially raised plants were only 2 to 4 inches and with 4 to 6 pairs of 
leaves. While the seeds which were sown in the beds were still later in 
germinating. They were just visible by the 7th of July. The monsoon 
rains started a little early that year and the Swertia plants appeared in 
the field about the 10th of June and by the end of the month some of 
them grew 3 to 6 inches in height. For the purpose of inoculation experi¬ 
ments the writer had to depend on a supply of S. alata from the forests. 

VI. INOCULATION EXPERIMENTS OF PERIDERMIUM HI MA¬ 
LAY ENSE ON SWERTIA . 

(a) Methods of inoculating Swertia .—After two years of trial when 
the aecidiospore of Peridermium himalayense was successfully germinated 
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(Plate XVI, figs, 4 a and 4 b ) and the approximate conditions of moisture 
and temperature were known, it was finally decided to conduct inocula¬ 
tion experiments to prove the biological relationship of the two forms* 

Inoculations were done on the above-mentioned five Kumaon species 
of Swertia and the seedlings were selected, except in case of 8, alata, from 
those grown in the compound of the Circuit House Bungalow, Almora, 
which is about 2 miles direct from the nearest infected pine area known, 
viz,, Kalimat. The seedlings of S. alata were transplanted from the 
forests of Barechina, and were kept under observation for 3 weeks. When 
they were established well in pots, they were again kept inside the inocula¬ 
tion chambers for another week and were afterwards used for experimental 
purposes. 

Air-controlled chambers of size 3x2x2 ft. with glass panels and a 
small door to introduce the potted seedlings were constructed to conduct 
these experiments. Each chamber had a small hinged trap-door on the 
top panel, made of a fine-meshed wire-gauze. During each experiment 
a layer of sterilized gauze cotton wadding w as placed on this wire-gauze, 
so that when this fly-panel was left open only air free from any spores in 
suspension could enter the chamber. Each chamber was completely 
covered from the top to bottom with a linen covering. A wash basin 
filled with water was placed on the top of the chamber and one end of 
the linen covering was dipped in the basin. The water flowing down the 
linen-tent, kept the glass panels wet and reduced the temperature inside 
the inoculation chambers. The basins were filled up with water once 
every 2 to 3 hours during the day and 3 to 4 hours during the night, 
depending on the surface evaporation. The effect of this contrivance 
was two-fold ;—a safe-guard from natural infection by entry of spores 
in the air ; and secondly, it worked like Hunt's iceless refrigerator (15) 
in bringing down the temperature of the chamber considerably. By this 
method an average of about 4° below the outside shade temperature 
was obtained. In fact, during the subsequent inoculation experiments 
with uredospore, the glass-chambers not being portable in these hills 
were discarded and rectangular wooden frames were used instead 
as supports for the wash-basin and the linen covers. This had the 
advantage of cooling as well as of keeping the air inside saturated with 
moisture, though not a safe device for accidental infection of spores in 
air suspension. In the former case another small basin filled with 
sterilised water was placed inside the chamber and a “ flit-sprayer ” was 
used at regular intervals for spraying the plants with sterilised rain¬ 
water. 

The chambers were first disinfected with formalin vapour for 24 
hours after which the top of the fly-door was opened and the chamber 
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was kept in direct sunlight lor 6 hours. The chambers were taken in¬ 
doors and the Swertia pots were introduced. The chambers for inoculated 
plants were kept in one room while those containing the control plants 
were placed in another room at the furthest end of the house. Bach set 
consisted of 3 pots and each pot with 3 seedlings for the inoculated sets 
and one pot for the control. They were kept inside the chamber for 24, 
36, 48 and 72 hours. At the termination of the experiments some of the 
inoculated plants were taken to and isolated at the Divisional Forest 
Officer’s bungalow, West Almora, at a distance of about 4 furlongs, 
while others were isolated in a closed bathroom of the Circuit House and 
the controls were placed in the verandah situated in the furthest wing 
from it. The chambers were disinfected and aired as before and the 
next set was placed inside after two days. 

The inoculating material (eRcidial sori) was collected at different 
dates on sunny days when the moisture on the trees had dried up and 
was always kept under dry conditions in stoppered vials ; the vials 
were stored in a refrigerator or in cool shady places under trees under the 
various conditions described subsequently under germination and long¬ 
evity tests of spores. Inoculations with secidiospores were done by the 
following methods as described by Spaulding, Hahn, York and others 
(24,14,32). 

(i) The peridia were torn apart and the spores were dropped in 
rain water on a watch-glass and the Swertia leaves were 
dipped in this mixture giving as thorough and uniform a 
oovering of the inoculum on the lower surface of the leaves 
as possible. 

(ii) A mixture of the spores in rain water was sprayed on the 

leaves by an atomiser. 

(iii) A mixture of the spores in rain water was painted on the lower 

surface of the leaves with a brush. 

(iv) A mixture of inoculum and rain water was painted on the 

under-surface of the leaves with lancet-needles, scalpels, etc. 

(v) The leaves were sprayed with rain water and a pine twig with 

open pustules was shaken inside the chamber, giving thereby 
a shower of spore dust. 

(vi) Infected twigs with open pustules were placed inside the 

inoculation chamber, without shaking, with the Swertia 
plants sprayed previously with rain water. 

(vii) Spores were germinated in rain water on moist chamber slides 
and were removed with a fine brush and the inoculum was 
painted on the under-surface of the Swertia leaves previously 
sprayed with rain water. 
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Hie methods (i), (ii), (iii) and (v) appeared very effective, though 
a liberal amount of spores was required for such experiments. But 
those plants which were given a very heavy dose of inoculum died off 
soon after producing uredosori while others with a slightly smaller dose 
remained in a moribund condition for some time and the leaves were 
killed soon after the appearance of the uredostage, the plants ultimately 
dying off. But those leaves which had a moderate amount of inoculating 
material developed the uredostage earlier and survived till the teleuto- 
stage appeared between September and October. 

The Petri dish method of inoculating Swertia leaves, as suggested 
by Clinton and McCormick (9) was also tried but did not prove successful; 
tile leaves of Swertia being very delicate, they withered away as soon as 
they were removed from the stem. 

As noted by the European investigators on Cronartium ribicola (8, 
9, 10, 11, 12, 14, 16, 17, 24, 26) only the leaves of moderate development 
took infection, those that were too young or too old did not produce 
uredosori. It was particularly noticed that the pair of eotyledonary 
leaves and two pairs of leaves following them and also those forming 
unopened or newly opened leaves appeared immune under all conditions 
while the experiments were being carried out. These facts were also 
corroborated by those of the naturally infected Swertia leaves during 
the field investigations. 

While the above experiments on the inoculation of the aecidiospores 
were being carried on indoors, similar though not so completely con¬ 
trolled experiments were also being conducted at the same time in the 
field by placing potted seedlings of Swertia close to the heavily-infected 
pine discharging spores. Controlled plants previously covered by 
incubation chambers were transported to and maintained in the forests. 
These chambers were placed near the same infected tree along with 
potted plants which were exposed to infection and at an equal distance. 
This experiment was done in the infected plantation of Kalimat, Almora. 
At Dinapani Forest Rest House, an infected sapling with numerous 
secidial sori in open condition was cut at the collar and was planted in a 
pot. The potted seedlings of Swertia were placed near this pine branch 
and the control plants in the chamber as in the previous oase. Successful 
infeotion of Swertia was produced in both cases on the Swertia plants 
thus exposed while the control plants were free. 

The uredospores germinated freely in rain water, spring water and 
distilled water (Plate XVI, figs. 6» and 6 b ). The most successful method 
of uredospore inoculation was by rubbing the uninfected Swertia leaves 
previously sprayed with rain water against leaves well covered with 
viable spores. The uredo inoculations were done out of doors and 
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without the help of an inoculation chamber, in August 1928, at Mussoorie, 
with successful results. In 1929 this experiment was repeated and 
inoculations on Swertia were done inside the chambers under controlled 
conditions at Almora, from the 28th June onwards when inoculating 
material was not so profuse and within two weeks a series of uredosori 
was produced. Again in October, in the same year, when profuse uredo- 
spores were available, further inoculation of Swertia with this kind of 
spore was done at Ranikhet under linen moisture chambers of the type 
described above. This time also the writer succeeded in repeating the 
uredostage as transition-sori, which soon passed over to the teleutostage 
as the temperature came down. 

(b) Factors controlling successful inoculations .—The factors primarily 
responsible for successful inoculation may be grouped under four headings, 
viz., (i) humidity, (ii) temperature, (iii) light and (iv) condition of the 
leaves of the Swertia host at the time of inoculation. 

(i) A high relative humidity close to saturation point was main¬ 

tained throughout the infection period. The plants were 
finely sprayed with rain water with a “ flit-sprayer ” before 
they were placed within the inoculation chambers. They 
were frequently sprayed at the interval of one hour with 
sterilised rain water and a flat dish containing sterilised 
water was also put inside the chamber. After the inoculated 
plants were removed from the chamber they were placed 
inside a closed bathroom with sufficient moisture about, and 
sprayed frequently with rain water. The watering was 
sufficient to carry the infected plants to the sporulating stage. 

(ii) Inoculations were done when the temperature of the incuba¬ 

tion chamber was maintained between 60°-64° F. A con¬ 
tinuous flow of water from the water basin on the top of the 
chamber over the wet tent-like cloth covering kept the plants 
within at a reduced temperature due to surface evaporation. 

(iii) The maximum amount of infection was produced when the 

chambers were kept in the shade. From the point of view 
of reducing temperature a weak and diffused sunlight with 
sufficient air currents which helped in increasing surface 
evaporation seemed essential. When the plants were re¬ 
moved from the inoculation chamber, some sunlight through 
the glass panes of the ventilator proved helpful in bringing 
the incubation period to the minimum, but the complete 
absence of sunlight on the other hand was a favourable factor 
for the formation of mildew, which at times was very trouble* 
some, as mildewed leaves rarely became infected. 
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(iv) The age of the leaves inoculated is an important factor on 
which successful inoculation depends. For this purpose 
freshly developed, fully expanded and unhardened leaves 
were selected. The plants inoculated were mostly seedlings 
with 8 to 20 pairs of leaves. Naturally, one has here again 
to guard against inoculating too young or too mature leaves. 
The choice was therefore limited. Most often two lower 
pairs and four upper pairs of leaves were left and those of 
medium development were inoculated, As the stomata of the 
leaves are the channels of entry of the fungus, flaccid leaves, 
or leaves which were injured were cut off, also plants which 
did not fully recover from wilting due to transplanting were 
rejected. 

VII. PATHOLOGICAL STUDY OF INFECTION. 

(a) Penetration and histology of infection .—The writer had entirely 
to rely on histological methods for the study of the penetration of the 
rust in Swertia leaves. Direct microscopic observation of the inoculated 
leaves was of no practical use for this purpose. The material was fixed 
from the inoculated specimens which were fortunately plentiful. The 
infection was apparent on the two susceptible species of Swertia within 
8 days after inoculation. Consequently as the experiment proceeded the 
material was pickled at an ini s val of two days and the various stages 
from penetration up to the de^lopment of mature uredo and teleutosori 
were studied. 

For the purpose of histological studies, material fixed in a chromo- 
acetic solution of medium strength, acetic-alcohol and formol-alcohol 
according to Colley’s formula being used. Chromo-acetic of medium 
strength proved quite satisfactory. The material was passed through 
various grades of alcohol, cleared in cedar-wood oil and embedded in 
paraffin. The sections were stained in Heidenhain’s iron-alum hema¬ 
toxylin with a counter stain of orange G in clove oil. Breinl’s stain 
(safranin and polychrome methylene blue) was also used. 

The earliest stage during the process of infection was noted from the 
specimens when pale spots were just apparent on the leaves. A section 
of the leaves showing this stage is illustrated in fig. 1, Plate XI. An 
interesting point noted from a number of sections showing this stage is 
that the first mycelial tangle is always visible in the air-space below the 
stomata or in other words in the sub-stomatal vesicle The second 
point of importance which drew the writer’s notice is the presence of 
haustoria-like hyphse (a) fig. 1, Plate XI, just below the stomata. These 
Structures are only seep at the earliest stage of infection. In one section, 
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this later type of hyphse was found in actual connection with the branch¬ 
ing germ-tube of the ®cidiospore. There is, therefore, hardly any 
doubt that the stomata are the channels of entry through which the 
germ-tubes of the sscidiospores enter the Swertia leaves and also the early 
branches of the germ-tubes of this species of rust has a marked haustoria- 
like character. 

The formation of the uredo and teleutosori in Cronartium himalayense 
takes place more or less in the same way as that of the other Cronartiums 
so far investigated (11). The writer does not, therefore, propose to repeat 
the description of the successive stages in connection with this fungus. 
The figures 1, 2 and 3, Plate XI, figs. 1 and 2, Plate XII, figs. 1 and 2, 
Plate XIII and Plates XIV and XV, illustrate the general plan of the 
formation of the sori and the legends of the figures explain the successive 
stages. 

The secidiospores are binucleate. The hyphse in the sub-stomatal 
vesicle resulting from the germination of the secidiospores are also binu¬ 
cleate (Figs. 1, 2 and 3, Plate XI). This binucleate condition is main¬ 
tained throughout the uredostage (figs. 1 and 2, Plate XII) and up to 
the young teleutostage (figs. 1 and 2, Plate XIII) but stages in which 
nuclear fusion was in process were noticed in the advanced teleutospore 
(fig. 2, Plate XIII and Plate XV). Subsequent changes in the nuclear 
elements during union and reduction in the promycelium, as described by 
Colley (11) and others, being a matter of detail and not exactly within 
the scope of this paper have been left out. 

(b) The inoculation period of Cronartium himalayense on Swertia,- ■ 
The incubation period of Cronartium himalayense, generally speaking 
varies from seven days to three weeks for all the species of Swertia con¬ 
cerned. It was not possible to determine the exact time when the 
leaves of the different species showed the first symptoms of infection 
under the condition under which the experiments were conducted, but 
the writer has no doubt that there is a range of incubation period on the 
different species of Swertia described as susceptible. The appearance 
of pale spots, which are considered the first sign of successful inoculation, 
was noticed on the leaves of Swertia angustifolia between 6 to 8 days 
after inoculation. These spot* appeared slightly raised from the leaf- 
surface within a day or two and finally the uredosori were detected as 
early as the 9th day and by the 14th day most of the leaves inoculated 
bore uredosori. In case of Swertia alata the pale spots were noticed 
from the 13th to 15th day and the uredosori were noticed 16 days after 
inoculation. 

Sixty plants of each of the above two species of Swertia were inocula¬ 
ted. The total number of leaves of Swertia angustifolia inoculated was 
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880 and of Swertiia alata 680. Forty plants of Swertid cordata carrying 
324 leaves of moderate development were inoculated. For every three 
pots each with three plants for inoculation there was one pot with three 
plants in the controlled chamber. The results are tabulated as follows :— 


Sphcles. 

No. of 
leaves 
Inocu¬ 
lated. 

Ratio of 
leaf sur¬ 
face from 
the 

average of 
100 

measure¬ 

ment*, 

Percent- 

ofXf 

infection. 

Average 
number 
of spots 
on each 
leaf. 

Appearance 
of pale 
spots. 

Appearance 
of uredo¬ 
sori. 








S. anturtifolia 



08 

9-5 

6 to 8 

9 to 14 






days. 

da ft. 

S, alata 



85 

7 

13 to 15 

17 to 20 






days. 

dayu. 

S. cnrdcAa 



3 

*058 

lltol4 | 

18 to 15 






days. 

days. 


(c) Distribution and size of the sori of Cronartium himalayense on 
various spews of Swertia .--The uredostage appeared on S. angustifotia 
as isolated colonies or small patches irregularly distributed on the under 
surface of the leaves and gradually extended all over the leaf within a few 
weeks. Finally, the infection covered practically three-fourths of the 
lower surface of the leaves. When this stage passed on to the teleuto- 
stage during the advance of the season, the teleutocolumns naturally 
appeared as a uniform felt-like mass on the leaf area. The teleuto- 
eolumns appeared all over the green parts of this species in regular and 
uniform fashion from the base of the stem up to the calyces and flower- 
stalks (Plate III). 

The distribution of this fungus on S. alula is of more localised character 
(Frontispiece). In fact, it was never noticed that the whole leaf surface 
was uniformly covered by it as in the case of S. angustifolia. Stem 
infection was also common on this species, but was confined only to that 
portion of the stem close to the leaf insertion. A few calyces were also 
noticed to bear the teleutocolumns, but- only isolated sori were seen. 

On 8. cordata> the distribution of the sori was still more limited 
Only a few patches of uredosori were seen here and there on the leaves. 
Most of the uredosori produced by the inoculation experiments died away 
and produced necrotic areas and occasionally shot-holes of the size of a 
small pinhead. While the uredosori produced by natural infection 
developed a few teleutocolumns later in the season as in the case of 
artificially inoculated S. alata plants. 

The following measurements show a certain variation of the size of 
the uredo teleutosori of Cronarium himalayense on three different 
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species of Swertia ; the average is of 600 measurements, the specimens 
being taken from materials preserved in a 60 per cent, glycerine and 
alcohol mixture. 


Host. 

Urbdosori (ih suction). 

Telnittosori. 

Height. 

Width. 

Length. 

Thickness. 

8 . (data 

. 

I20y 

170|jt 

i 

700(i 

90(x 

8 . anguatifolia 


my 

my 

700(i 

85 (x 

8. cordata 

* 

94 ii 

145 {jt 

660gi 

SOp 


(d) The longevity of the spores and the “ effective range ”* of spore 
dissemination .—The viability of the secidiospores of Peridermium him - 
alayense appeared erratic during germination experiments. All attempts 
to germinate them in various media during the previous years had failed. 
Attempts by the writer to germinate them in the months of May and June 
1927, when various media were used such as rain water, cold and boiled 
decoctions of pine needles, spring water, distilled water, etc., were also 
unsuccessful. In June 1928, the writer used a cold decoction of Swertia 
leaves in rain water, when a few spores produced a small knob-like 
growth at the spot where they were attached to the intercalary cells and 
where the spore wall is practically free from warts. The knobs slightly 
enlarged into small protruding bodies and appeared pale orange to 
hyaline. Later on the spores became bacterially contaminated and 
degenerated. Further attempts were made from June 1929 when portions 
of fresh Swertia leaves were cut into circular discs and were placed in the 
depression of a moist chamber slide with the lower but face turned upwards 
and slightly moistened with rain water and spores were dusted on these 
leaves. The slides were in turn placed on a moist blotting paper inside 
a Petri dish and these Petri dishes were kept in iceless refrigerators 
which had been arranged for these inoculation experiments. By this 
method by the middle of July when the temperature of the refrigerator 
was between 60°-64°F., germination occurred but it was even less than 
2 per cent. Later on the spores also germinated on slides the surface 
of which was moistened with a film of rain water but the spring water and 
tap water being alkaline in reaction were found distinctly harmful for 
such processes. Distilled water was also used with much less success. 
As noted by Colley, Spaulding and his co-workers, Klebahn and others 


* The writer is indebted to Dr. Spaulding (25) for the use of this tertn, 
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(11, 12, 14, 16, 17), it was observed that an excess of water proved 
inimical to germination. 

The following experiments were done in order to ascertain the 
longevity of the secidiospores. 

(1) A series of experiments were conducted at intervals of 7 to 15 
days in 1928 and 1929 under temperate conditions at 
Almora and Mussoorie and semi-tropical conditions at Dehra 
Dun, to germinate the secidiospores from pustules which 
had been stored intact in a dry condition in stoppered vials 
from April to August, but these met with no success. 

(ii) Specimens were collected from the 24th May up till the 16th 
July 1929 at intervals of 7 days from various ranges of the 
Almora division during the tour and were stored in three sets 
in stoppered vials and in paper bags lined with drying paper. 
One set was stored in the refrigerator (24°C.-28°C.), the second 
set was kept indoors on a table facing a window, the room 
temperature being 62°-68°P. and the third set was left under 
the shade of a tree (66°-72°F.). As before the pustules were 
left intact and the spores were removed by a needle. Ger¬ 
mination tests were done from the 24th June up to the 16th 
July as already stated. The maximum germination was 
noticed from the lots which were collected between the 
24th June to the 13th July and from those specimens which 
were stored in the refrigerator, while those which were 
collected after the 15th July when there was frequent rainfall- 
soon got mouldy and did not keep well under storage 
conditions. 

It is difficult to say how long the secidiospores retain their viability 
in nature as the writer has no further experimental data on this subject. 
The result of field observations show that in the crevices of the bark of 
pine and in the base of the pustules which are generally embedded in the 
bark of the tree and are sheltered from rain and sun the spores retain 
their orange yellow colour. A percentage of these spores may retain 
their viability and continue to infect the young Swertias till the end of 
the rains. From the daily variations of temperature in these forests 
during the months of September and October and the other inclement 
factors to which they are exposed, viz,, occasional rain followed by 
strong sunshine, it is difficult to believe that the aecidiospores will retain 
their viability for any considerable time after the month of August. 

The “ effective range 33 of spore dissemination is at present under 
investigation and this subject will be a matter of future discussion when 
sufficient date have been collected, but from the observations of foiest 
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officers it appears to be fixed at about 2 to 3 miles according to the 
situation and aspect of the infected pine stands. This has been baled 
partly on the information available on this subject from work done in 
European countries on the white pine blister rust and partly on the 
experience of the writer from his actual field study. 

Specimens of Swertia alata and S. angustifolia with abundant teredo- 
son were collected from the 12th July onwards till the 31st August 1928 
and were stored in stoppered vials, in Petri dishes and inside paper bags 
lined with drying paper. Swertia plants collected from Ranikhet and 
Almora forests were transplanted in pots and afterwards transported to 
Mussoorie where they were kept under observation for 4 weeks to note if 
they were free from natural infection. After the maximum incubation 
period was over inoculation experiments were done with uredospores. 
Germination tests of uredospores, which were collected at various dates 
between the 12th July to the 31st August, were also made at the same 
time at an interval of 4 days in different media, viz., distilled water, rain 
water, spring water, etc., which were also used during various attempts 
to germinate the secidiospores. The best germination was noted between 
from 4 to 9 days after the collection of the specimens when about 5 per 
cent, of the spores germinated and so far as their viability was concerned 
the rate of infection practically coincided with the germination maximum. 
These experiments were repeated again from the 5th till the 16th July 
and from the 5th October till the 30th November 1929. This time the 
results differed. The inoculum collected in July had poor germination 
and the maximum germination was about 2 per cent, while those collected 
in September germinated better, about 7 per cent, having germinated by 
the second week of September. The maximum amount of infection took 
place from specimens which were collected between the 10th and 16th 
September and between 3 to 7 days after the specimens were collected 
and stored. After the 10th day the percentage of germination gradually 
fell off and no infection took place when the inoculum from 3*week old 
specimens was used. After the 2nd week of October the uredosori were 
becoming less and less every week and by the end of November no fur¬ 
ther supply of uredospores was available. Germination tests were done 
of the uredospores which were kept under storage conditions from the 
16th to the 22nd December 1927 and from the 18th to the 24th January 
1928, from the specimens which were collected on the 10th October and 
were kept under air-dried conditions in loose drying paper which is 
ordinarily used for drying botanical specimens and also in Petri dishes, 
but without any result. It appears from the above experiments that the 
uredospores do not retain their viability for long after the specimens are 
Collected. The maximum germinating capacity and viability were found 
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between the months of August and September when a large infection of 
Smrtia by the uredospores takes place. Towards the end of October 
tiie nredosori became fewer as the teleutocolnmns came out and in 
November they were rare and were only found on Swertia growing in 
warm and sheltered places. 

Specimens of leaves with profuse and newly matured teleutocolumns 
were collected from the first week of September till the middle of December 
1927 at intervals of one week and were kept in Petri dishes on dry blotting 
paper and were loosely covered by another dry blotting paper and weekly 
germination tests were done by removing some of the specimens to moist 
chambers. The maximum germination was noted between from 12 
to 20 hours from the time when these leaves were collected from the 
Swertia plants. At the end of one week a few sporidia were produced 
and after 10 days the teleutospores failed to germinate and produce 
sporidia under these conditions, while those on leaves which were not 
removed from the plants and kept in the open at night in dew and stored 
in a cool place in shade during the day, germinated and produced sporidia 
till the end of the third week after they were stored. 

The teleutocolumns are very fragile and even a gentle movement of 
the plants is enough to dislodge many mature teleutocolumns. These 
are cells which have mostly germinated and in fact represent the empty 
shell'-. They fall of! more rapidly from the leaf attachment than the 
ungerminated ones. They were caught at a distance of 15 to 20 yards 
from the Swertia fields during the spore catching experiments. The 
teleutospores thus distributed did not germinate. They germinate in 
situ and produce sporidia. 

The sporidia attached to the teleutocolumns were kept in a dry 
condition in the depression of a moist chamber slide which is generally 
used for hanging drop cultures and were covered by a cover-glass. The 
sporidia were removed by fine brushes from teleutocolumns and germina¬ 
tion tests were done at an interval of 0 hours, when some of them were 
removed at intervals of 6 hours to hanging drop cultures of dew water 
from a cover-glass. The percentage of germination rose to about 8 per 
cent, in 24 hours and after 30 hours this was reduced to about 2 per cent. 
About 60 per cent, of these sporidia were undoubtedly immature when 
they were removed from the teleutocolumns and this fact should be 
taken into account. 

The range of dissemination of the uredospores and sporidia were test¬ 
ed by various methods, e.g., by using moist sheet glass, glass slides, Petri 
disheB, moist chamber basins and shallow glass basins partially filled with 
water. The moist glass plates and containers were placed on alternate 
days from the 20th October till the 15th December 1927 at different places 
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in the infected Swertia fields and at various distances from these plants. 
These observations were repeated again in 1929 from time to time from 
the 6th October till the 10th December during the course of field study. 
But no reliable data could be procured at the termination of these 
experiments. The observations differed in different ranges owing to 
various factors controlling the distribution of the spores. The aspect 
of these forests and also the position of the Swertia fields with reference 
to the infected pine stands varied in different ranges as has been already 
noted before. It may also be said in this connection that thore is no 
fixed direction in which the spores may be distributed for any consi¬ 
derable time. The direction of the wind as already stated is generally 
north-westerly but it changes occasionally to a north-easterly direction. 
The velocity of the wind varies between 5 to 20 miles per hour. But in 
all probability this may not represent the actual range which in some 
cases may be about double this rate. When calmer air prevailed the 
uredospores were collected at a distance of about 6 yards from the in¬ 
fected Swertia. 

A remarkable fact which strikes one is the amount of teleutocolumns 
produced on the Swertia host which may be growing all over the infected 
pine forest or may be distributed in large colonies or isolated patches 
or in groups here and there. There could hardly be any doubt that when 
the weather is favourable the pine needles catch hundreds of sporidia 
from these infected Swertia at close range and during all hours of the day 
and night. The problem of “ effective range ” of dispersal of these 3 
kinds of spores will be a subject of much closer study and investigation 
when eradication operations are in progress and a number of pine stands 
are thoroughly freed from this broad-leaved host, not only from inside 
the compartments, but also from outside, to a minimum distance of 
about 200 yards from any young growth of pine. When the source of 
infection becomes limited to a few areas it will then be possible to make 
a more accurate investigation. 

The range of dissemination of the secidiospores as well as their lon¬ 
gevity in the case of Cronartium ribicola are subjects about which there 
is considerable difference of opinion. Spaulding in a recently published 
bulletin (25) has summed up his observations on this subject in the 
following lines. This range has been determined “ up to l\ miles with 
scientific accuracy, with less accuracy up to to 7 miles and still more 
recently by the elimination of other factors upwards to hundreds of 
miles ”. Experimental data on the longevity of the cecidiospores vary 
from 3 weeks to 6 months. But this includes spores which were stored 
under artificial conditions. Under favourable conditions the spores may 
also retain their viability better in nature than under adverse experi- 
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mental conditions. Strong light, excessive humidity or excessively 
dry conditions and high temperature are factors which have a deleterious 
effect and stand in the way of their retaining their viability for any 
considerable length of time. In other cases the aecidiospores which are 
stored in a refrigerator or in a cool place away from strong light 
may remain in a viable condition for a long time. If the pustules are 
retained intact the viability of the spores may also be prolonged for a 
considerable time. Three to seven weeks appears to be the general 
record of the longevity of the spores under various field conditions. 

The “ effective range ” of distribution of the uredospores of the 
blister rust of white pine is limited to hundreds of yards rather than miles, 
while that of sporidia has been estimated to be from 200 yards to a 
maximum of 600 yards. The longevity of the uredospores has been 
determined by York (31, 32) who obtained uredospores overwintered 
on dead Ribes leaves and proved thereby that uredospores may survive 
the winter. The longevity of teleutospores so far as is known for that 
species, as noted by McCubbin (19) is 55 days but the maximum germina¬ 
tion took place within 4 weeks from the date of collection of the leaves. 
The delicate sporidia which may be distributed up to 600 yards and 
occasionally may be carried to a greater distance in a viable condition 
can live in suitably moist air up to 26 hours and then readily germinate 
when moisture is supplied. 

From the results of the experiments and actual field observations 
done by the writer and from the information available on this subject 
from the investigations ori the white pine blister rust by European 
workers, a distance of 3 miles for aecidiospores, 600 yards for uredospores 
of 200 yards for sporidia may be takeu as the preliminary working distance 
for control purposes. Detailed work is in progress and in course of 
time when exact data are at hand a further announcement on the “ effec¬ 
tive. range *’ will be made. 

(<?) Weather conditions in relation to Swerlia injection .—Our knowledge 
about the factors controlling successful infection of Srnrtia by the ajcidio¬ 
spores in nature is admitted to be rather incomplete. But the following 
observations which explain to some extent the relation of Swertia infec¬ 
tion and weather conditions are based upon data obtained during three 
successive years of field work. It is a well known fact that the infection 
of blister rust and probably nearly all infection of rusts depends upon 
moisture conditions during the summer and autumn months. Rain, 
dew, mist or heavy fog seem to be the natural agencies by which the 
germination of secidia and uredospores is effected. 

The poriod of eecidiospore production was found to be lengthened 
or shortened, even sometimes very considerably, in different years. 



Si 


Indian Pared Records. 


tV&L. XTOIt 


In 1927 the mcidia were found to break open by the let of May. 
The heaviest spore dispersal was between the end of May and of June. 
In 1928 the heaviest spore dispersal was from the middle of June to 
early July. In 1929 the secidia began to open by the second week of 
April and the heaviest spore dispersal was between the 15th May to the 
l|5th June and few recidiospores were seen by the end of that month, and 
these dates correspond roughly with the start of monsoon in these years. 

In 1927 field study of Swertia infection at Banikhet, Abnora and 
Garkhet ranges revealed a very high degree, of development of the Cromr- 
tium fungus. Little is known of the distribution of infection on Swertia 
in 1928, except from what was seen from specimens occasionally received 
but it was noted, however, that infection in all the above mentioned 
ranges and practioally all over the infected pine forests of Kumaon 
closely inspected, was still less. 

Rainfall records, however, are found to indicate the moisture condi¬ 
tions for any given locality, the total precipitation for a mouth indicates 
roughly the favourableness of the weather during that month for the 
development of the rust. The rainfall recoids, which are in fact the only 
meteorological data available in these stations, are graphically represented 
from day to day in the Plates IX and X which will partially explain the 
conditions of weather and their i elation to varying degrees of infection of 
Swertia. If these figures are correlated with the infection of Swertia, 
it may be observed also that it is not the total amount of precipitation 
during the summer and monsoon months that affects successful inocula¬ 
tion of Swertia and the duration of the uredo and teleutostages on this 
host, but, when critically examined, it appears that it is the distribution 
of the total amount more or less uniformly throughout the infection 
season which controls the successful infection of Swertia either by the 
eeoidiospores or by uredospores and in general the longevity and duration 
of the succeeding stages. 

Heavy precipitation in the period of secidiospore production has been 
observed to reduce greatly the dispersal of spores by washing them out 
of the secidia. If the rain continues with a heavy downpour for a long 
time most of the accidiospores are washed down to the ground and it is 
unlikely that these spores ever become disseminated in a viable condition 
by the wind. The same observation holds true for the uredospores 
and the sporidia also. On the contrary periods of dryness lasting for 
several days after a heavy fall of rain within a short period may destroy 
the viability and prevent the germination of the secidiospores which are 
thus rendered innocuous to Swertia. 

The production of successive urodosori in September and October is a 
point already noted. The uredostage had a shorter duration and limited 
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distribution in 1929 than in the previous years. In 1927 the writer 
successfully inoculated S. alata and S. angustifolia at Almora and 
Barechina in the months of October and November under natural condi¬ 
tions with the uredospores collected from Ranikhet and profuse infection 
took place. While in 1929, several attempts at inoculating the species 
of Swertia under natural conditions during October and November 
resulted in failure. Successful results were only obtained when experi¬ 
ments were conducted in moist chambers. After the uredospores begin 
to form there should be occasional moist periods to permit further infec¬ 
tion of the leaves, if there are to be a Beries of uredostages succeeding one 
another. In fact, fresh uredospores were frequently collected till the 
middle of November 1927 and this was evidently due to occasional 
precipitation followed by cloudy weather both of which combined to 
keep the atmosphere in a humid condition. 

The same observations also hold true for the production of teleutosori, 
the germination of teleutospores and the production of sporidia. Fresh 
and newly formed tcleutocolunms on some of the, infected Swertius were 
collected by the 2nd week of October 1927. Similar fresh teleutosori 
were also collected by the first week of September 1928, and by the 
third week of October 1929 and successful germination experiments 
were done every year till the middle of November. But from those 
collected by the end of November and early December only a few spores 
germinated and produced sporidia. The teleutospores attain maturity 
within a few weeks of their formation. If the moisture condition of the 
air is unfavourable the germinating capacity of the teleutospores is soon 
lost and this results in a rapid termination of the life-cycle of the fungus. 
The dry atmospheric condition, therefore, explains limited production 
of sporidia as well. After the teleutocolumns are produced there should 
be a favourable period for the production of sporidia and the immediate 
infeotion of pine needles. 

The. other factor, viz., temperature, is secondary, but none the less 
explains the absence of pine infection in the warm foot-hills of the Sub- 
Himalayas. High temperatures are definitely known to prevent ger¬ 
mination of these spores, but they do not occur in those regions where 
this fungus is now spreading naturally. 

In order to test propagation under warmer conditions, inoculated 
Swertia plants of various species were transported in pots from Almora 
to Dehra Dun (2,100 feet alt.) after the appearance of profuse uredosori 
on them. Though some of the pots were placed in moist chambers, none 
of the infected leaves developed teleutosori. The uredostage was short¬ 
lived and the fungus died out subsequently without the infection spread¬ 
ing any further. 
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Field inspection in the regions facing the tarai and plains throws some 
light on this point. In Manors range, which faces the plains, and also 
on the spurs of Mussoorie hill overlooking the plains, one frequently 
notices all the susceptible species of Swertia, and also the young pines 
flourishing side by side free from this disease. Not far from these forests, 
from China range, Naini Tal division, and from the northern face of 
Mussoorie hills infected pines and Swertias have been collected. 8. 
angustifolia var. pulchella and S. oordata free from infection have been 
collected from the lower spurs of the Naini Tal hills facing Kathgodam 
at an elevation of 2,600 ft. and also on the lower spurs of the Mussoorie 
hills at Jharripani at 4,000 ft. S. angustifolia var. pulohdla has been 
collected from New Forest, Debra Dun. The writer has never come 
across any infected pine in the warmer valleys of Kumaon, though in 
places close by but at a higher elevation infection of pine was noticed. 
Similarly, on the warmer spurs of the foot-hills of the Himalaya facing 
the plains no infection on either host was noticed though side by side 
both are flourishing. The striking factor, therefore, controlling the 
spread of this infection, which suggests itself, is high temperature coupled 
with the dry atmospheric condition in summer. The spores which are 
carried to these warm regions either loose their viability or are prevented 
from germinating. Incidently, it may be remarked here that the leaf- 
form of Peridermum on Pinus long if alia (Peridermium complamtum 
Barcl.), which has been described as belonging to another generic group 
of these rusts, is morphologically a different species and also physiologi¬ 
cally behaves differently. This species of rust is common everywhere 
and flourishes alike in the warm and temperate regions of the Himalayas 
in spite of varying climatic conditions. 

Presumably, then, the amount of rainfall distributed over a longer 
period followed by cloudy weather, fog and mist, are the factors which 
primarily control the infection of Swerlia, cither by aecidiospores or 
by uredospores, the longevity of the teleutospores, the production of 
sporidia directly and finally the infection of pines. This last point is 
not merely a logical conclusion, nor one guessed at, but is based also 
on knowledge of the behaviour of Gronartium ribicola in European 
countries under similar circumstances (12, 14, 16, 17, 21, 23, 24, 26, 
32). This point can only be confirmed when data on the rate of mortality 
are obtained from future field observations and such data may, by 
comparison with that of previous years and with due allowance for errors, 
may support the above statement. 

(/) Over-wintering of Gronartium himalayense .—The writer in his 
attempts to study the phenomenon of over-wintering of Gronartium 
himalayense on the same lines as Gronartium ribicola (11, 12, 24, 31, 92) 
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was only naftially successful. The main difficulty encountered in the 
way of successfully solving the problem was the erratic nature of germi¬ 
nation of the secidiospores of this fungus. The writer failed during two 
years to germinate even fresh spores and in the third year the percentage 
of germination of such was very low. Side by side with the germina¬ 
tion experiments various attempts were made to procure spores from 
■the bark of dead trees, cankered wood, fallen dibris of pine branches, 
stumps, cones, etc., where they may be sheltered and such material was 
frequently subjected to careful microscopic examination for any spores 
that might be in an apparently viable condition. A certain amount 
of spores were detected occasionally which had come from dead trees 
which were killed by the rust during the previous season, but all attempts 
to germinate them met with failure. During the field study in autumn, 
viz., from October till the middle of December, the writer also noticed 
a large number of internal peridia on saplings which had died during 
the preceding summer. These peridia which were of deep-seated origin 
inside the bark contained spores apparently in a viable condition. But 
such fresh looking spores did not germinate in spite of persistent attempts 
to make them do so. In other cases when small saplings which were 
actually killed in the spring or summer after the production of a single 
crop of secidial sori, were examined during the following autumn a 
large amount of spores covered by exuded pine resin from the crevices 
of the bark were found in a completely bleached condition. Attempts 
were also made with spores kept in storage conditions in a refrigerator 
to inoculate Swertiu in the following summer but this proved a failure. 

The uredospores which are rather easy to germinate also proved to 
be short-lived under natural and storage conditions. Inoculating 
material collected by the middle of November, stored in various ways, 
never germinated in the following February. Attempts were made to 
propagate and continue the growth of the rust in the uredo and teleuto- 
slages on Sweriia but this was not possible owing to the annual nature 
of the host the leaves all falling by the end of autumn and the plants 
disintegrating in winter. It is therefore evident that such spores cannot 
remain on any part of Sweriia and produce the teleutostagc in spring 
and infect the pines. The Sweriia host completely decomposes during 
winter and the possibility of this stage over-wintering on Sweriia does 
not arise. 

In any case it is unlikely that the secidiospores retain their viability 
in this climate under the prevailing adverse natural conditions so as to 
infect the broad-leaved host which appears in the forest after one full 
year. The strong sun and daily variations of temperature and heavy 
rains during the monsoon and early autumn, are factors which stand 
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in the way of their retaining their viability till the next season. Con* 
sequently, the phenomenon of over-wintering of the above spore-forms 
seems most unlikely with Cromrtmm himalayeme . 


VIII. GENERAL CONSIDERATIONS. 

(a) Pirns longifolia (ckir ) is one of the most important forest trees in 
the Himalaya; in the United Provinces it forms, after scd, the most 
extensive forests in the province (1). It is found both on the outer 
ranges and in the principal valleys of the Himalaya, descending occa¬ 
sionally to an elevation of 1,500 ft., to the level of the main water courses 
and ascending to 7,500 ft. on the wanner spurs of the hills. This pine 
is typically gregarious forming pure forest of considerable extent. Ac¬ 
cording to Troup (28. 29) the upper limit of gregarious Pinus longifolia 
forest may be placed at 6,500 ft. and above that elevation the tree is 
usually found scattered in warm aspects up to 7,500 ft. or even higher. 
In its upper reaches it is associated principally with Cedrus deodara, 
Pinus excelsa , Quercus incam, Rhododendron arboreum and Myrim 
nagi, while in its lower habitat it is mixed with Shorea robusia, Anogeis- 
sus latifolia, Terminalia tornentosa , Buchamnia latifolia , Ougenia dal - 
bergiodes , etc. The area covered by this pine has been roughly estimat¬ 
ed by Troup (28) to extend over about 3,300 square miles, extending 
from Sikkim, through Bhutan, Nepal and Mandi to the Frontier States 
and Afghanistan. The total area of P. bngifolia forest including the 
territories mentioned must be considerably greater. 

In the Kumaon and Garhwal Himalayas, where this disease of ckir 
has taken a heavy toll and is extending to new areas every year, this 
pine forest either pure or mixed extends over a large extent of hilly 
country between elevations of 3,500 and 7,000 ft. On northern aspects 
pure P. longifolia forests occur mainly at elevations of 3,500 ft. to 5,500 
ft. and on lower elevations this pine is mixed with the various broad¬ 
leaved species already referred to, while on higher elevations above 
5,500 ft., the pine rarely forms pure forests and is mixed with Quercus 
imam, Myrim nagi , Pieris ovalifolia with or without Rhododendron 
arboreum. 

Troup in his interesting memoir on Pinus longifolia (28) has predicted 
in the following lines a great future for ckir. “ Forming, as it does, 
gregarious forests at comparatively low elevations, its timber can be 
worked out at a lower cost than is the case with species growing in more 
sporadic form and in less accessible tracts. True, the timber, though 
of very fair quality and in considerable demand, does not rank among 
the first class timbers of India, but when the value of antiseptic treat- 
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meat comes to be more fully realized in India more extensive uses should 
be found for it. Apart from this, the tree has already eetablisl ed its 
reputation as a producer of resin, and in this respect alone is of great 
potential value, since there is room for an extensive development of 
the resin industry in India.” 

Within the last few years this statement of Troup has already 
materialised to a great extent and the importance of chir timber for 
bnilding purposes and for ordinary furniture and in general carpentry 
has risen much in the estimate of the people. It is now extensively used 
for these purposes in the principal cities of North and North Western 
India. It was formerly regarded as a third class timber for railway 
sleepers, bridge building timber, shafts and other strong constructional 
works, but under modern treatment with preservatives it has been 
lately proved to be a first class timber for all purposes. A large number 
of sleepers are being annually treated and under modern treatment 
with preservatives it is also possible to use sapwood of chir in Mo. 
From the economic point of view chir sleepers are about the best proposi¬ 
tion for the railways in India to-day. 

This pine is at present the principal resin producing species in India. 
In the Punjab and the United Provinces it is systematically tapped. 
The amount of pine resin extracted in 1928 from the United Provinces 
forests was 105,600$ maunds and was sold for Its. 3.36,370 (1). The 
resin industry of the Punjab has also developed rapidly. The importance 
of chir pine for this purpose may increase in future as communications 
extend into the interior and larger areas are tapped. 

This pine is also of considerable importance as a park, garden, 
avenue, and ornamental tree. It. is a large evergreen tree, sometimes 
nearly deciduous in dry localities, and Laving an elongated crown up 
to middle age. It grows quite rapidly and acclimatises itself easily 
outside its natural habitat. It spreads a pleasant aromatic odour in 
the locality where it grows. For these reasons it is planter! in parks. 
It is sometimes reared as a decorative tree up to the pole stage in the 
compounds and gardens of houses in North and North Western India. 
Though chir produces an inferior quality of fuel wood, in the Kumaou 
lulls in the absence of better kinds this wood is extensively used for tl is 
purpose. 

(6) Damage due to the infestation of blister rust. —There is a tendency 
amongst forest officers in India to believe that the disease will not become 
serious in stands of natural regeneration where the pine is growing 
luxuriantly under favourable conditions in its natural habitat and that 
attacks will only be confined to plantations, where the host is weakened 
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in some way so that it becomes susceptible to tie parasite. It cannot 
be denied that the principles of phytopathology and so also that of 
animal pathology assume the fact that the individual receives infection 
only when it is weakened in some other way, which suggests that there 
must be some factors for predisposition. This assumption to a certain 
extent holds true in most of the plantations which the writer had the 
opportunity of examining during his tours. It is known for certain that 
this rust is a member of a group of well-known parasites and that their 
mode of entry is through the stomata of the leaves and especially of 
primary needles; the causes of the production of these primary needles, 
which arise from adventitious buds on the stems of advanced saplings 
and in larger numbers on unhealthy saplings in plantations, may there- 
foie be regarded as predisposing factors to the disease. The saplings in 
periodically burned young regeneration, for certain physiological 
reasons not thoroughly known, also produce copious adventitious buds 
all over the stem and when the leading shoot dies for some reason such 
buds grow out into a number of shoots and the plant attempts to coppice. 
On the other hand, as far as the leaf sheath infection is concerned, this 
factor is equally responsible for such infection both in plantations and 
in regeneration, artificial or natural. In fact, the result of field study 
in the Kumaon and Garhwal forests, as already referred to, supports 
the belief that healthy and vigorous regeneration is as much open to such 
danger as plantation crops. This statement is further supported by 
results so far available of cross-inoculation experiments of pine which 
were done during October 1927, when 120 saplings of various ages were 
inoculated, the plants being selected from healthy members of the 
regeneration and plantation areas. It is too early to report on the results 
of these experiments but they will be a subject of future discourse; it 
appears however that some of the inoculations done on the leaf-sheath 
and on the primordial needles of the adventitious shoot have taken 
effect and are now showing symptoms of the disease. 

It is not possible to state the exact figures of mortality of I\ lonyifdia 
in the Kumaon and Garhwal forests. The area concerned is extensive 
and the writer has not succeeded in accumulating the necessary data. 
The following record however will give some approximate idea of the 
heavy casualties in the Almora and Bhowali plantations. The data 
on the mortality of pine in the Almora plantation has been taken from 
a published record (30) on the methods of slash disposal in the chw 
forests and the other from the official record of Naim Tal Division for 
which the writer is indebted to Mr. E. W. Raynor, Divisional 

Forest Officer, Naini Tal. The record of mortality in regeneration com¬ 
partments is, unfortunately, not kept. 
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Mortality of P. longifoKa in the vicinity of Almora, 

West Almora Division. 

.5,183 

.2,615 

.5,147 

.7,308 

.3,080 

Total* * [244574 


Naini Tal Division 2927-28 . 

Girth. 

Gager Compartment 20 . . • . . . . 0*-6* 6*-l* 

400 200 

Ninglat Compartment 1. 120 


520 200 

It will require several years’ work to get a complete record of the 
huge number of casualties and then only will it be possible to work out 
other details in terms of expense and the exact amount of loss from this 
disease, but it will now serve our purpose if we only succeed in impress¬ 
ing those concerned of the extent of the loss, as compared to any other 
loss of forest trees in this country due to fungus infestation, and, what 
is more, the danger to which this pine is exposed and by which it is 
being overcome. 

(c) The origin and distribution of Cronartium himalayense. —The 
history of Cronartium himalayense is very obscure. Though occasional¬ 
ly specimens of the secidial stage of this fungus were collected as far 
back in 1889 when Barclay (5) noted the cortit ola stage on Finns longi- 
folia and Nisbet in 1895 (20) no reference has been made to the Cronar- 
tium stage on Swertia. It is interesting that while examining Swertia 
specimens in the Dehra Dim herbarium the writer came across two 
sheets showing Cronartium fungus. One is a specimen of S. cordata 
collected from Pasada, Bashahr, altitude 6,500 ft. and the date of 
collection is October 1891. The other specimen is S. alata from Dhar- 
migadh, Jaunsar, altitude 5,500 ft. collected by J. S. Gamble in Sep¬ 
tember 1898. A speoimen of S. alata showing Cronartium infection was 
also seen at the herbarium of the Royal Botanical Gardens, Sibpur, 
Calcutta. Bashahr is a division lying to the north-west of the Simla. 
hills and Jaunsar lies to the east-south-east of Simla and north-north- 
west of Dehra Dun. The presence of this stage of fungus on both sides 
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of Simla is an interesting fact and one can easily assume its presence in 
Simla as well, though it has not been actually noticed there and Barclay 
collected his specimens of corticob in the neighbourhood of Simla about 
the same time. 

It is interesting to note that Dr. E. J. Butler, the then Imperial 
Mycologist at Pusa, who visited this part of Kumaon .several times and 
in different seasons for the study of wheat rust and for collection pur¬ 
poses with an efficient staff of collectors did not come across any specimen 
of Cronartium fungus on Swertia , in spite of the fact that several other 
specimens of rust had been collected from Kalimat, Sitoli and the planta¬ 
tions close to Almora. It is quite possible that this fungus was not there 
at the time when he inspected these forests and that it might have spread 
to this area later on. 

From the records of the Almora plantations, it was noted that in 
1891 a large number of young chir trees were dying of some insect attack. 
The attack was at its worst in 1909-1912 when a large number of sickly 
and attacked saplings were burnt. No further reference to this is made 
till 1914 when the Divisional Forest Officer noted that an attack of the 
insect had caused a considerable number of casualties among the young 
chir pines. Thereafter casualties were sporadic. In 1915 Peridermium 
was for the first time definitely recorded as apparently doing much 
damage. It was noted by Champion (7), Beeson (6), as well as by the 
writer (3) that Peridermium is the predisposing t ause and the insect 
comes in later when the trees are almost dying. It appears, therefore, 
that some earlier attacks of Peridermium were not detected and the 
insects which were secondary might have been mistaken for the primary 
cause of mortality of chir. 

It is difficult to say what is the original home of this fungus. Both 
Pinm Umpfolia and Swertia are natives of the inner Himalaya as well 
as of the outer Himalaya facing the Indo-Gangetic Plain. Cromrlium 
himahyen&e may have its original home in the inner valleys of the 
Himalayas and it may have migrated to the outer ranges later on. In 
the absence of any other fact to prove the contrary the fungus may be 
taken to be of Himalayan origin and from this point of view the name 
Cromrlium himahyeme is appropriate for it. 

In connection with the description of the eeeidial stage on chir pine 
(3) the writer has given a list of distribution of most of the infected com* 
partments of West Almora and Nairn Tal divisions. The fungus has 
since been noticed in the Pindar and Dh&npur ranges in Garhwal divi¬ 
sion. It has also been noted in the western borde. of West Almora in 
the Kapoli and Chakargaon plantations (Plate Y) of the Dwarahat range. 
Though not in a general epidemic form it occurs also in the East Almora 
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division. It has also been xecorded in Mussoorie, Chakrata, Jannsar 
and Simla, and the Bashahr and Kulu divisions. It probably also 
occurs in Mnndi, Kashmir, Hazara and Chamba. Outside India 
proper, there are chir forests in Sikkim, Bhutan, Nepal and in the 
Frontier States of Afghanistan, which still remain botanically unexplor¬ 
ed. As these are gradually explored we may be able to give more com¬ 
plete information regarding its distribution in these states bordering 
India proper. 

(d) Important dates in the life history of Cromrtium himalayense and 
its life cycle. —The pycnidial stage is noticed on pine in October and 
November in the form of small lucid honey-coloured drops at the base 
of the needles of the infected tree. It is sometimes seen close to the 
canker at its earliest stage on the stem of saplings where the pycnidial 
drops are mixed with exuded resin. The pycniospores are believed to 
be abortive spores which have become functionless. 

The aecidial stage may appear in the following spring or a year later 
on the same parts of the plant where pycniospores were detected during 
the previous autumn. The earliest crop of aecidial sori was collected 
by the writer by the 1st week of April and they continued-to be produced 
till the first week of July. In the case of young seedlings the plant dies 
ofl before the aecidiospores are formed on them. Inoculation experi¬ 
ments with sporidia on various ages of pines are in progress. But those 
experiments which were done on very young pines that is on seedlings 
between one and two years of age proved successful. Such plants died 
within one year after inoculation and histological examinations showed 
the presence of numerous hypae and haustoria in the cambium and 
cortical cells of such plants. Trees of various ages from 3 to 16 years 
have been frequently found infected by this fungus which fructifies 
copiously and produces numerous aecidial sori on the stem and branches. 
Beyond this age infection by Cromrtium himalayense is uncommon. 
The oldest tree recorded to have been killed by this fungus was a pole 
about 30 years old. 

The uredostage was noticed on the 6th July 1928 on S. angustifolia 
and by the 18th July on 8. alata and on S. cordata on the 4th July. 
This stage was noted about the same time during the following year. 
In 1927 when the search for the alternate host of Peridermvum was 
commenced on the 16th October, the uredostage was found mixed with 
the teleutostage in Kaligadh on S. alata. 

The teleutostage was noted by the middle of August on 8. angustifolia 
and by the end of August on 8. alata. They appeared through the 
uredosori first and the pure teleutosori appeared all over the under¬ 
surface of the leaf. 

s 
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The maximum growth of Swertia is generally over by the end of Sep¬ 
tember, most plants flower in October and the seeds mature by the end 
of October when the capsules open to discharge the seeds. The dispersal 
of seeds continues till the end of November when praotioally all the 
capsules become empty of their contents. Swertia completely dies off 
by the end of December. One may trace small pieces of stem here and 
there in the forest in January but after this tame the winter snows and 
rains disintegrate whatever woody structure remains of than so that 
in April the plant is not seen at all. They reappear by the middle of 
June and in two weeks attain the size of 2 to 3 inches. It has also been 
mentioned before that Cronartium kimalayense does not over-winter 
either in the uredostage or in the teleutostage. 


IX. CONTROL METHODS. 

Under this heading various methods of control of this blister rust 
are considered, not only that of the eradication of one or the other host, 
a well known prescription for the such diseases of forest and agricultural 
crops, but also other possible treatments are taken into account such 
as a change in the practiced silvicultural system of regeneration, en¬ 
couragement of mixtures, departmental burning, etc., if such measures 
appear to help in natural control and serve our purpose. The various 
measures will be discussed in the following pages and each will be taken 
up in the inverse order of importance. 

(a) Substitution of chir with other Indian or foreign pines. —It appears 
from the above investigation that Pinus longifolia is extremely susceptible 
to blister rust. The main problem under this heading resolves itself 
into a single question, viz., can we grow any other pine, Indian or 
foreign, which will be silviculturally well suited to those extensive areas 
where P. longifolia is now flourishing and which will be an equally Bound 
economical proposition ? The important silvicultural characters of 
this pine may be summed up in the following lines. 

It is a strong light demander and warmth loving plant. It grows 
successfully in the plains and in places with a hotter and drier climate 
that it experiences in its natural habitat. Pinus longifolia seedlings are 
light demanding also. It reproduces itself well as a rule on well drained 
porous soil, such as those containing a fair proportion of sand or fine 
mica. Chir- pine grows on a variety of geological formations from clay 
soil, beds of conglomerate to decomposed mica-schists, gneiss and 
even on hard shales with quartzite. It has been found that thin pine 
grows in the crevices of quartzite and even on bare rook with a very 
small amount of soil in the buttresses and crevices. 
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54» young regeneration of Pimu longifolia requires to be protected 
from damage by fire. Although this pine is regarded as b eing a fair ly 
fire-hardy species in a sense that a mild conflagration does no serious 
damage* it is, when young, susceptible to damage by fire and the pine 
generation requires to be protected for some years. The accum ula ted 
dJbns consisting of needles, broken branches, cones and other parts 
-of the tree together with the exuded resin at the base of the trunk and 
felled stumps form a great mass of inflammable material, which, unless 
burnt department-ally under control, is liable to accidental or intentional 
burning* This pine has a greater power of resistance to fire than any 
°fher important Himalayan conifer, owing to the exceptionally thick 
bark produced on young saplings and on advanced trees and to the power 
of recovery from injury possessed by plants of various ages. Saplings 
of from 2 ft. upwards are subjected to a moderate fire during the slash 
disposal operations which no other species would stand. Keeping these 
few facts in view it now remains to be seen if there is any other Indian 
pine which has the same silvicultural characters as P. longifolia, keep¬ 
ing in mind its power to regenerate itself under the unfavourable cir¬ 
cumstances with which chir copes so successfully, 

Finns khasya , Royle, is another Indian pine which grows gregari¬ 
ously as well as mixed with other minor species such as Rhus semicdata, 
Quercus serrata , Myrica nagi, Pieris ovalifolia and Rhododendron arbo - 
reum under somewhat similar climatic conditions on the Eastern ranges 
as P, longifolia does on the central and western ranges of Himalaya. 
It grows in Assam, North Burma and the Shan States from 2,500 ft. up 
to 8,000 ft. elevation. It is also a light demander, though perhaps not 
to the same extent as cAir-pine and to a certain extent can also stand 
shade. There is a species of Peridermium which infests this pine which 
has not yet been properly identified. It produces marked hypertrophy 
of wood and bark which appears as “ burrs.” The fungus is known as 
Peridermium near cerebrum and there is only one specimen which ha® 
come to our hands so far. This pine, however, appears to be a resistant 
species. Economically this pine, although producing a superior quality 
of resin, from the point of view of timber may not be ranked with. P. 
I wgifolia. It is a slow growing species and cannot therefore equal chir- 
p ue in height growth. Several unsuccessful attempts have been made 
to introduce this pine on the pleateau of Central Provinces and in the 
United Provinces in Chakargaon in West Almora and in other places 
away from its natural habitat. 

P. excdsa, Wall, and P. gerardiana , Wall, are both unsuitable as 
the former is a temperate and the latter is a dry zone species. From 
their habitat and for silvicultural reasons these pines do not merit any 

X>2 
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further consideration. These species will never regenerate naturally 
where P. longifolia thrives. 

Of the foreign pines, just a few species, such as P. ponderosa and P* 
arizonica , have been given occasional trials here and there, but no¬ 
where has this been done with a view to replace any Indian species or 
to acclimatise them to the Indian climate, and it is doubtful if any of 
these foreign species will be suited to us silviculturally. 

Consequently, the proposition of substituting the native P. longifolia 
with these foreign species will not be welcomed here from silvicultural 
and economio points of view. Such a proposition can only be 
entertained when one has to keep his choice between two exotic- 
species. 

In a recently published work Spaulding (23) has advocated in a 
similar contingency the replacement of P. strobus by P. excelsa, P. 
peace and P. cernbra where none of these species of pine is native of the 
United States. In India P. hhasya is a native of the Eastern Himalaya 
and, so far as known, appears to be a species immune to blister rust, 
but such small scale trials as have been made with it have not given 
any promising results and the proposal of its replacing P. longifdia 
in the natural habitat of the latter in the North Western Himalaya is a 
point which even if possible would probably be regarded by the local 
forest authorities with disfavour. 

(6) Encouragement of selection system in chir regeneration .— The 
prevailing method of P. longifolia regeneration in most of the Kumaon 
and Garhwal forests up till 1920 was some form of selection system, 
by single trees or groups, which resulted in uneven-aged crops. Owing 
to the light-demanding nature of pine and its tendency to regenerate 
where possible in even-aged masses such a system of selection felling was 
abandoned in favour of the uniform method. Besides, owing to the 
work being scattered the subsequent tending of the young crop in such 
areas worked under the selection system becomes difficult. The suppres¬ 
sion of young growth takes place and the clearing of slash and dibris 
from the uneven-aged stock also becomes difficult. Controlled fir© 
operations and other measures for fire-protection in areas under regenera¬ 
tion are impossible, consequently, damage by fire is intensified in an 
uneven-aged crop of the selection type. For those and for other 
economic reasons, in subsequent working plans the selection system of 
working P . longifolia has been abandoned in favour of the uniform method 
which has been worked at least for 10 years in a satisfactory maimer. 
Under this system, even-aged, healthy and uniform masses of regenera¬ 
tion are coming out all over the area where felling has been done and 
damage by fire avoided. 
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From several years of field investigation it has been observed that 
the rate of pine infection and its relation to different types of pine 
stands, viz., plantation and natural regeneration do not follow any definite 
law. It has also been noted that vigorous saplings are as much open 
to the infection of rust as the weak ones. 

The plantations of Almora range, Kalimat, Baldhoti, etc., which 
corn an area of over 1,000 acres are raised by patch sowings. The 
forests consist of growth of all ages from saplings to poles. Khabdoli 
South, West Almora divisions, Sukha and Nichna, Naini Tal division, 
Pindar-Par and Deosari blocks in Garhwal division are forests where 
even-aged, healthy crops are coming up as the result of feelings in 
Periodic block I. Comparing the rate of infection in these two types of 
P. hngifolia forests in Kumaon, though both of course are badly infect¬ 
ed, it appears that the former, a plantation on shallow soil, is in a 
better condition than the regeneration of P. B. I where significant gaps 
are being formed through widespread infection. 

There are two points which have got important bearings on this 
problem under consideration, namely, the susceptible age of the tree 
to infection, and secondly, the relation of weather conditions and pine 
infection. It has been noticed that beyond a certain age the chit pine 
proves to a certain extent to be immune to blister rust. It has been 
already mentioned that the adventitious buds which are one of the 
important channels of stem infection are not developed after a certain 
age, at least, they are rarely found on saplings which have grown over 
15 to 20 ft. in height. The other entrance of this fungus is through the 
stomata near the top of the needle sheath where the sporidia get lodged. 
In the case of advanced saplings and poles the infection of the leading 
shoot above 6 ft. from the ground is of rare occurrence. In such trees 
the infection is generally noticed on the branches while the infection on 
secondary branches at any height up to 6 ft. has been frequently noticed 
on trees up to 20 years of age. As the tree advances in age, the lower 
branches are suppressed and die off naturally. Consequently such 
infection on the branches towards the base of the tree fails to spread 
on the stem. The lower branches of trees which are passing out of the 
pole stage extend outwards away from the stem. The infection of such 
branches which takes place through the medium of mature needles is 
often limited to a region at a distance of 2 to 3 ft. from the axil of the 
stem. In this case also such infection does not generally spread on the 
main stem. The branches being girdled, the supply of sap to the leaves 
is cut off. These branches soon drop off before the parasite has a chance 
to inv ade the leading stem. In this respect chit is better able to ward 
off fungus attack than the susceptible species of white pine of Europe, 
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where, in connection with the age of the trees by °™**?®*j“** 

ribicola, Spaulding notes (24, 26) that in fW ^ trees of«Dages 
from 4 to 118 years were killed by the bkster rust Bat so far «the 
chir pine is concerned this important deviation hasbeen noticed. It * 
certain that advanced and middle-aged trees are so to safe. The oldest 
tree that was noticed to be attacked by tins fungus was a pole of about 
28 to 30 years. The infection took place on a branch at a height ol l 
it. and the tree was girdled‘from that region. 

The weather conditions in these forests and then relation to pine 
infection deserve a few remarks. Air saturated with "fT® 

low temperature are essential factors for natural infection. It has bem 
observed that the prevalence of favourable conditions during the rains 
and autumn, such as cool nights and mornings with sufficient humrih^ 
are also helpful for Swertia infection. Similar observations have been 
made by the European investigators on white pine blister rust (V, u t 
26, 32). As the weather cannot be controlled the discussion may ® 
confined to the other point, namely, the relation of the age of the pine 

to natural infection. ■,;«> it 

An even-aged crop appearing in extensive-masses is more diffi 
to protect from an epidemic disease when the species concerned are 
at one age particularly susceptible to infection than on uneven-aged 
growth coming out in different groups. The latter class of r ®8 en * r ®’ 
tion has certainly advantage over the former m evading the attack of 
the disease so far as natural infection is concerned. From this point 
of view even group selection may be considered as aprotectiye measure 
against widespread infection of the young regeneration. But the other 
side of the problem may have equally or even more weighty support 
from the silvicultural and forest management point of view. Extrac¬ 
tion and sales of timber, slash disposal, controlled burnings, etc., would 
offer considerable difficulties in an area regenerated under the above 

^^Depart^nial buming.-The effect of controlled burning opera¬ 
tion either to control the disease or to help as a preventive measure was 
studied in the course of field investigation. The primary object ofthis 
operation, as has already been stated, is to remove the amount oidibm 
of fallen needles, branches, cones, etc., which stand in the way of seed 
germination and secondly, the removal of inflammable material which 
if allowed to accumulate, becomes a source of serious danger from toe. 
It has also been observed that such burning preparatory to regenera¬ 
tion improves the condition of the soil considerably from a phy . 
chemical point of view, brings out the regeneration in profusion and 
gives it an extraoardinary stimulus in establishing itself# Chir seecflmg* 
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*n exceedingly sensitive to fire unless they are protected from fire, it 
is impossible to keep the regeneration alive. Young crops are therefore 
not burnt until they attain a certain age and even then, the intensity 
of the fire is controlled. 

Up to this stage the problem is quite straightforward but difficulty 
arises later on when subsequent or periodic burnings at an interval of 
two or three years are prescribed. The dangerous nature of the accu¬ 
mulated dash and the intensity of the damage due to fire unless the slash 
is disposed of periodically has been noted elsewhere. For the later 
tending of the young regeneration this departmental burning seems 
essential and is considered to be the cheapest way (30) of disposing of this 
slash and dibris. But whether such periodic burning is a beneficial 
operation from the physiological and pathological point of view requires 
further observation. 

The ecological side may be left to those who are competent to deal 
with it. The vigour of the plant is lowered considerably if it is burnt 
when a young sapling. This is expressed in the shape of various 
abnormal phenomena that appear during the subsequent history of the 
plant, viz., the gradual dying off of the leading shoot (Plates VI and 
VII), attempts to coppice heavily, the formation of tumours at the 
collar, the formation of blister and cankers on all parts of the stem 
affected and the subsequent excretion of resin.' The growth may be 
stopped or reduced for some time. In the case of young regeneration 
as well as in advanced growth the lower branches are often killed and 
numerous adventitious shoots appear around the stem from the collar 
up to a height of 3 to 4 ft., sometimes even up to 6 ft., depending upon 
the age of the sapling and on the intensity of the fire. These phenomena 
can be partly explained as the result of an attempt on the part of the 
plant to recover as if from a great shock. It has been specially noted 
that a large number of adventitious shoots which are generally the 
medium of entry for this fungus are apparent on most of the saplings 
in the infected stands of the Nichna and Sukha blocks, Naini Tal, of 
the Khabdoli South and Garnath blocks, West Almora and in the 
regeneration areas of Pinder-Par and Deosari in the Garhwal Division, 
The adventitious shoots do not always drop off from their base after 
they are dead, but remain for two or three years as a dried tuft of bristles 
attached to the bark. From these dried needles the presence of such 
adventitious buds or shoots could be recognised even after the saplings 
are killed by the attack of blister rust. The plantations of the West 
Almora division have not been subjected to this departmental 
fire operation, except on one occasion in 1921 when incendiary fixe 
damag ed the plantations. In the Kalimath and BalJhoti blocks 
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the writer notioed a certain amount of these dried needles on the 
saplings. 

On the stem and branches of chir pine there always appear ring- 
shaped depressions encircling them, whence the secondary or tertiary 
branching takes place. These rings are noticed for several years even 
after the branches drop off naturally and they disappear later on with 
the advancing age of the tree. Branching takes place in whorls round 
this ring. Some of the initial buds develop into branches but others 
remain dormant and gradually die off unless stimulated by abnormal 
factors, when they develop into adventitious shoots with a large amount 
of primordial needles. A large number of such buds is always seen on 
the stem and branches of chir pine in a dormant condition. Fire is 
one of the principal factors, though not the only one, which stimulates 
growth in them. When the leading shoot is killed or injured by fire, 
or snow, or by some other agency these dormant buds also produce 
foliage. The injury caused to a stem by a galvanised iron wire tighten¬ 
ed round it produces, in the course of two and a half or three years, a 
large number of adventitious shoots (Plate VIII). These adventitious 
shoots appear when the plants are young and they are seldom notioed 
on saplings which have grown up to about 15 to 18 years age and over. 

It has also been noticed that the chir, when growing in poor shallow 
soil or in any unfavourable locality, produces a large amount of such 
adventitious buds. Excessive dryness of soil during a year of abnormal 
drought may produce a large number of these adventitious buds. 

It appears, therefore, that there are in chir up to a certain age a 
large number of buds which remain on the aerial parts of the plant, the 
branches and stem, in a dormant state under natural conditions and when 
there is a certain change in the normal metabolism or obstruction in the 
movement of sap these buds develop copiously as adventitious shootB, 
and so far as has been observed, fire is one of the causes which stimulates 
them to form such growth. So far as the writer has observed there are 
excellent patches of almost complete regeneration in Khajuri block in 
West Almora Division and in Patlot Block in Naini Tal Division which 
in 1921 were not burnt departmentally or otherwise, and in which no 
infection was present when these were visited last in June 1929. 

There is one other point of importance which deserves consideration 
and that is the effect of fire on the propagation of Swertia. It has 
already been noted in connection with the germination experiments 
that the minute seeds of Swertia drop from the capsules from the middle 
of October till the middle of December and after this hardly any seed 
is found in the capsules. These seeds are very minute and, even when 
dropped on ground covered by grass, moss or weeds, filter thiough, 
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helped by occasional ram and other agencies, and ultimately reach 
the soil where they become quickly covered by a thin layer of humus 
formed by the decomposition of fallen pine mid other leaves and of 
grasses and herbs and during the autumn and winter rains by a thin 
layer of fine micaceous soil. This layer, though thin, acts as an effec¬ 
tive non-conductor of heat and fire passing over has practically not 
harmful effeot on the seeds. 

This statement is supported by the fact that Swertia frequently 
occurs on fire lines which are burnt every year and from the fact that 
the writer observed that two fine operations in the Garkhet and Pindar 
compartments between 1927 and 1930 did not have any effect on the 
Swertia. Again, when Swerlias appear in colonies or as isolated patches 
outside the compartment, as is often noticed in some regeneration areas, 
fire seldom reaches the source of infection. 

In conclusion fire by killing the leading shoot and lower branches of 
the saplings, or by injuring them, stimulates the saplings to coppice 
and the adventitious buds to produce numerous shoots with primary 
needles. These needles are the channels of entry of the Cronartium 
fungus in pines. On the other hand burning has no effect either to stop 
or even to reduce the propagation of the Swertia host. 

(d) Admixture of chir with other species. —A good deal of attention 
was given to the study of the nature of infection in mixed growth where 
secondary broad-leaved species have been growing naturally or introduced 
along with the chir. Of the various associates of chir where this pine 
grows with deciduous broad-leaved species the following, which have 
some economic importance as fuel producers are the most common 
Quercus incana, Rhododendron arboreum, Pieris ovalifolia, Myrica nagi. 
Of these Quercus incana deserves consideration. 

To a certain extent this oak is worked as a species secondary to 
chir, deodar and blue pine. Economically it is valued for the excellent 
charcoal and fuel it yields. It is also used to some extent as an agri¬ 
cultural timber for the construction of ploughs and other implements. 

None of these blocks which were inspected by the writer gave any 
clue to the solution of the problem from this point of view, except the 
regeneration of Bhowali, Naini Tal, Chaubatia and Siuni, Ranikhet 
and Sihai-Devi, Almora which gave some insight into the problem. 
In all these blocks sporadic infection of pine was noted. Tbe use of 
such broad-leaved species as a wind-break to check the dissemination 
of spores did not appear to be an effective method of control. The 
distribution of Swertia in such forest where the pine is mixed with other 
species is generally scattered and infection takes place at close range, 
consequently, in such cases this method may not be of any value as an 
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effective control measure. But in other oases where the source of 
iofection is in groups or in isolated colonies, which is generally the case 
with natural regeneration, such intervening broad-leaved species may 
form a wind-break and may check the progress of infection from one 
compartment to another. 

But there are other factors which have to be considered, such as 
the amount of sporidia produced on different species of Svxrtia. All 
species of Swertia do not produce an equal number of spores. The 
teleutospores of 8. data produces a greater amount of sporidia than those 
of 8. angustifoUa, though the amount of infection on the later species 
is greater than the former. Again 8. angustifoUa has a much wider 
distribution. It is not only a species which occurs very frequently in 
pine forest but always grows in greater numbers than 8. data. On 
the other hand the Bpores and sporidia remain longer in a viable condition 
on the leaves of S. cHata, than on the leaves of S. angustifoUa. 

This phenomenon of the difference of the amount of sporidia produc¬ 
tion has also been noted in the case of Cronartium ribicola. The use 
of broad-leaved species as wind-breaks has given good results in the 
case of Cronartium, ribwola in America (25) where the supply of sporidia 
is not excessive, while in Europe, where Ribes nigrum furnishes a super¬ 
abundance of sporidia the effect of such intervening screens in reducing 
infection is not noticeable. 

In any case, the problem of the admixture of other forest species 
with chir deserves closer Btudy. For this purpose several planting 
areas Bhould be selected in the neighbourhood as well as at a good distance 
from the infected blocks and different methods of sowing adopted for 
such mixed sowing experiments, e.g., sowing of pine and oak in regular 
order, broadcast sowings of two species, several rows of pine followed 
by a number of rows of oaks and so on. One experimental plot has 
already been laid out by the Divisional Forest Officer, West Almora, 
at Katarina! . But many more plots in different localities sown in 
different ways, as stated above, each with a control plot, are necessary 
to procure any reliable data from such an experiment. The result of 
such experiments might lead to some practical suggestion, with regard 
to the solution of the main problem. It must, however, be realised 
that most likely species for such admixture are fire tender and so cannot 
be raised with controlled burning. 

(e) Removal of the infected ckir and destruction of the cecidid stage .— 
If after having investigated some of the methods of current silvicultural 
technique adopted in regenerating chir pine a proper solution of the 
problem could not be arrived at, the eradication measure now remains 
to be discussed as the ultimate resource to fight out the disease. Ore* 
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n&rtfam ihirtudayense like Cronartitm ribicola is essentially a heteroeckras 
rust as proved by the inoculation experiments of Champion (7) and 
confirmed by a large number of experiments conducted by the writer 
who inoculated 60 chir saplings with escidiospores under different condi¬ 
tions, in 1927, 1928 and 1929, without any success. If one form could 
be completely destroyed it follows that the other stage becomes auto¬ 
matically eliminated. The removal of the infected pines from the 
forest and the complete destruction of the secidiospores by burning 
is the control proposed by Champion and this has been carried on by 
the forest department in the United Provinces for the last 10 years. 
This method does not appear to have been successful. To strictly 
enforce this measure and to prevent the dissemination of the spores to 
any great extent during such operation appears to be almost impossible. 
What prevents this method of control from being strictly carried out 
is that it is not always possible to burn the infected trees at the proper 
time, as they are only detected after the aecidial sori have appeared all 
over the stem, and it is Hot always possible to burn the infected trees 
as soon as they are noticed. The eecidial sori in the majority of cases 
become apparent on the trees during the height of summer, when there 
is a large amount of dry needles, grass and other inflammable matter, 
already mentioned which makes this proposition difficult from the 
point of view of fire-control. The common practice, however, in such 
cases is to cut down the tree from the collar and then to drag it up or 
down the slope a distance of several yards either outside the compart¬ 
ment, or to a comparatively open place where it is left for some time 
to dry up and where later on, it is burnt along with other slash and dry 
leaves. This naturally foils the purpose of the operation as during the 
process of felling and removal of the tree bearing pustules a large amount 
of spores are always disseminated. The writer himself repeated this 
operation by felling saplings in a similar manner and removing them 
uphill along the contour to a distance of 30 yards and it was noted that 
by the method of felling alone about 60 per cent, of the unopened pustules 
had burst with the result that about 80 per cent, of the spores were dis¬ 
charged, while others, which were already open, became almost emptied 
of their contents before the operation is completed. The saplings were 
removed as carefully as possible without being knocked against brambles 
and other plants as would be expected under the supervision of forest 
guards. The only obstruction they met during the experiment was 
the uneven grassy slopes. The rate of spore dissemination would 
naturally be much less if the saplings were burnt on the spot as is done 
in some cases when there is no other young growth in the neighbour¬ 
hood of the dead pine, failing which the removal of such trees down- 
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kill and through, less obstruction en rode would be » better method 
though even then one could not avoid the dissemination of a large 
number of spores. There are other factors whioh operate during the 
process of removal, such as the distance to whioh these plants are re¬ 
moved, the obstructions along the route such as brambles, hanging 
branches of other forest trees, boulders and stones, contour faces and 
so on. These factors vary from one case to another and it is difficult 
to estimate the rate of dissemination of spores during the removal of 
such trees. 

The following points should be considered if the removal and burn¬ 
ing of the diseased pine trees is to be carried through with a view to 
destroying the eecidial stage and so reducing the dissemination of the 
number of spores liable to infect the alternate host. 

/ 

(i) An endeavour should be made to identify diseased saplings 

in the field before the wcidial sori appear. If this could be 
done the spore dissemination which generally takes place 
during the transport of the felled plant from the forest, will 
be eliminated. By careful observation one may detect the 
infected plants, the symptoms of whioh have already been 
described in details in a previous paper (3). 

(ii) The infected tree, if possible, should be burnt on the spot. 

This is perhaps a difficult matter, as the shedding of needles 
generally starts in May or even earlier on the warm spurs 
and drier slopes and the accumulated needles together with 
old cones and other debris and exuded resin form a mass of 
inflammable material. Unless these are removed and the 
tree is isolated it would be difficult to control the fire. If 
the infected tree is a small sapling the eecidial pustules could 
be burnt to get rid of the loose spores. After this, the tree 
should be cut down with a sharp implement and finally 
burnt after it has dried up, in order to destroy the spores 
which are caught in the base of the pustules, in the crevices 
of the bark and in other parts of the tree. In fact, the 
drying up of the tree is not necessary, nor is it necessary to 
bum it to ashes, because scorching the hark and parts of the 
tree will kill the spores if this is properly done. 

<fii) The diseased saplings should be removed to the nearest open 
ground devoid of slash and debris with as much care as 
possible and minimum obstruction en rode. Painting 
over the eecidial patches with tar, molasses or any similar 
sticky substance, before cutting and collecting for burning 
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should reduce risks of disseminating the spores in the course 
of these operations. This has been done in the East Almora 
Division bnt not under controlled conditions so that the value 
of the precaution cannot be assessed. 

(iv) The disseminated spores are not only lodged inside the crevices 

of the bark of the infected tree and between the needles and 
their sheaths, but a large amount is lodged in such parts of 
the neighbouring pines. A certain number also find their 
way inside the leaf-sheaths of tall grasses, on the leaves and 
the axile of the leaves and branches of woody shrubs and 
other associates of chir and are well sheltered by the branches 
and leaves of woody dicotyledons. They remain viable 
during the earlier part of the monsoon. It is difficult to deal 
with these spores effectively. It has been observed that the 
sscidial sori continue to appear and discharge spores even 
during the late summer that is, the end of July. The infec¬ 
tion of Swertia occurs through these spores. The burning 
down of the early summer spores does not help in the control 
operation very much and it is not possible to carry out this 
burning till late in the season when the forests become 
sufficiently dry. 

(v) During several years of field study, the writer noticed that 

most of the trees which appeared in an unmistakably mori¬ 
bund condition between October to February bore sscidial 
sori in the following season. A good many of them, at least, 
which were likely to produce the sscidial stage could be 
easily recognised in early spring and marked by a responsible 
officer. Such trees, if removed before spring, i.e., before 
the aecidiospores are produced, would naturally minimise 
the chance of spore dissemination. Secondly, it is less 
probable that the secidial spores will over-winter and still 
less that the mycelium will remain active and fructify in the 
next spring if the diseased pines are felled in autumn and 
are removed outside the compartment and finally left un- 
bumt. Consequently the burning of these trees with the 
object of destroying the secidial stage which may be pro¬ 
duced on them after they are cut down is really 
superfluous. 

(/) Eradication of Swertia and suppression of teleiUostage — Without 
going muoh into the details of the merits of this method of control which 
is already well-known as one of the most effective methods of dealing 
with heteroecious rusts, let us consider how best this can be done. I© 
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enacting this measure one has to guard against the following contin¬ 
gencies. 

(i) The eradication of Swertia host should proceed during the 
monsoon when the plants are easily recognisable in the 
field and before the teleutostage appears on them. This 
method should be completed before the capsules are mature, 
i.e.y middle of October. The life-history of Swertia plants 
has been described in full and the approximate dates in 
their life-history have been given in sections IV and VUI(d). 

(ii) If the facilities for carrying out such a campaign, viz., labour, 

etc., are not available during the rainy months, this opera¬ 
tion should start immediately after the monsoon, by the 
middle of September and should be continued till the middle 
of December. The seeds begin to mature from October, 
depending on the nature of the locality, and the capsules 
open out from the middle of October to disperse the seeds 
and continue dispersing them till the end of December. 

(iii) In the later case, that is, if the eradication operation is started 
in autumn, special instruction should be given not to un¬ 
necessarily shake the plants, nor to leave them on the ground 
after they have been cut for any length of time before final 
removal. A single day’s sunshine will dry up any already 
mature capsules and discharge the seeds on the spot if the 
plants be left there for any length of time. 

(iv) These species of Swertia which are prevalent in the chir forests 
of Kumaon and Garhwal and are connected with the pine 
disease have no economic value. There is one species, how¬ 
ever, 5. chirata which is taller and has longer and broader 
leaves than the rest, that is used as a preventive medicine 
for malarial fever. The other species, specially S. pur - 
purescens and S. alata are often used to adulterate the market¬ 
able S . chirata , the rate of admixture varying from 20 to 
40 per cent. Otherwise, the above five species are of prac¬ 
tically no economic importance. The plant has no value 
as fodder. When, as is generally the case in infected planta¬ 
tions, it grows scattered all over the infected compartment 
and elsewhere as small fields mixed with forest grasses, 
it may be removed along with fodder grasses if the grass 
cutting is done in September and finished by October. But 
if this is done later in the season, the mature seeds would 
be dispersed more widely through this operation as already 
explained. 
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(v) Of the five species of Swertia found in Kumaon, namely, 

8. data, 8. ontjustifoUa, 8. cor data, 8. pawiculata and 8. 
purpurescens, the first three only are susceptible, as has 
been proved by inoculation experiments and natural infection, 

% but it is perhaps not safe at the present time to select only 
these species during the eradication operations as, firstly 
it will be difficult for untrained labourers to identify the 
susceptible species from the immune species; and secondly, 
it has been observed that in the absence of the susceptible 
host an immune species adapts itself to be a moderately 
receptive host after a certain time. The writer noticed 
in the Chakargaon plantations, West Almora, during his 
subsequent tour in November 1929, 8. angustifolia var. 
pulcheUa and several plants which resembled 8. a/ngustifolia 
so far as the specific characters are concerned, but with 
purplish flowers and stem and leaves, apparently a hybrid, 
which were also heavily infected with Cromrtium himalayeme. 

(vi) The eradication of Swertia from the infected compartment 

should be complete first and then the operation should 
be extended further up to the range of spore dissemination 
already discussed under section VI (d). As every forest 
range may have its own difficulties, a programme should 
be drawn up for each range and every compartment should 
be allowed a three years’ term of eradication which may 
be followed by alternate years up to the ninth year, so that 
each compartment and its vicinity will have six eradication 
years by that time. Or even two years eradication opera¬ 
tion followed by alternate years up sixth operation may be 
prescribed, which will be less expensive. 

(vii) In connection with the operation of the eradication of the 

Swertia host the writer has the following experience. In 
October 1927, when Cromrtium himalayeme was first dis¬ 
covered 386 plants of S. data were collected in several instal¬ 
ments from the Kaligadh block, compartment 2, for the 
purpose of inoculation experiments and seed collection. 
In October 1928 when orders were issued to send a con¬ 
signment of 8. data to Dehra Dun for seed collection, 191 
plants in all were procurable. In October 1927, the writer 
removed 1,826 plants of 8. angustifolia, 830 of 8. cordata 
and 316 of S. purpurescens from Kalimat compartments 
T and 3. It was alBo noted from the above block that 8. 
purpurescens was in much greater number than 8. cordata 
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and 8 . cordata than 8 . angustifdia, but a less number of 
plants of tie former two species were collected as they did 
not tear the Cromrtium fungus and consequently were of 
no use fc«r inoculation purpose. In July 1988, 100 plants 
of 8. angustifdia, 40 of 5. cordata, which were thegf just 
appealing in that forest and were about 1 to 4 inches in 
height, were collected. From the 1st October till the 20th 
December of the same year 810 plants of S. angustifdia 
and 412 of 8. cordata were procured after a long and careful 
search from the two compartments of Kalimat block. This 
shows a considerable decrease in number and the above 
species were becoming fewer every year as they were removed 
in large numbers during the previous years from Kalimat 
forests. From a plot in Khabodi South block in Qarkhet 
range 1,173 plants of 8. angustifdia were collected in 1927 
and a report of noticeable decrease of the species was received 
in 1928. In the year 1929 the writer who twice examined 
all the above mentioned infected blocks from June till the 
middle of November for further field work and for conduct¬ 
ing inoculation experiments of chir, met with considerable 
difficulty in procuring susceptible species from the infected 
compartments in the above three localities where Swertia 
had grown in profusion during the previous years. The 
small fields of Swertia which usually occur with 10 to 100 
plants and which can be noticed from a distanoe seemed to 
have been become rare and one had to look through the 
grass floor of these forests more closely for isolated speci¬ 
mens which were here and there concealed in the tall grass, 
(viii) Although a cent, per cent, removal of Swertia is not possible 
by hand eradication, the removal of the larger plants will 
so reduce the seed crops as to be fully effective when repeated 
a few times. 

(ix) Fire-lines from which grass is removed annually or burnt 
every year and are sometimes heavily grazed by cattle should 
not be considered free from infected Swertia. It has been 
mentioned in Chapter III (b) that <S. angustifdia and 8. 
data with heavy infection of Cronartmm were frequently 
noticed on the fire-line from which the pines were apparently 
receiving infection. The other species of Swertia which 
have been described as apparently immune were also very 
common in these places. The Swertia plants collected from 
the fire-lines during the different tours show certainly a dwarf* 
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#d or bushy appearance {Plate IV, figs. 1, 2, 3 and 4) and are 
not so tall as those growing in the forest and one has therefore 
to examine the ground more closely to detect them. 

(?) As regards the agencies which help in distributing the Swertia 
host, we have two factors to consider, that is, the wind and 
the rain. From the experience of three successive yearn’ 
field study, it seemed that Swertia does not change its ‘ field ’ 
very often. They were seen on the same slope for three 
years in succession. From the nature of the seeds, wind 
does not seem to play any part in distributing them very 
far though it may help in their local dispersal to a certain 
extent. But they are certainly carried by the water currents 
to some distance, depending on the nature of the forest 
and its contour. Consequently, before repeating the era¬ 
dication operation in the following year, it is advisable 
that a survey of the infected area should be done and eradi¬ 
cation area should be plotted out every year. 

In conclusion, the writer, having examined all the known methods 
of control, both silvicultural and pathological, is practically left with 
no other choice than the two well-known eradication methods of control 
discussed above. Of the silvicultural methods, the substitution of 
chir with P. khaayu, in suitable localities, the admixture of ckir with 
other broad-leaved species ordinarily associated with it and the advantage 
of selection system of chir regeneration are points which deserve some 
consideration. The observation indicates that young regeneration 
of chir should be protected from fire as it causes adventitious budding 
and forces them to produce a great number of primordial needles which 
again serves as the channel of entry of this desease. 

The disease is to be controlled in the first place by carefully destroy¬ 
ing the diseased trees. Every diseased pine left standing is a source 
of indirect infection in the neighbourhood and a menace to the yoting 
stand. Every care should be taken to burn the spores and such measures 
should be adopted which will reduce their dissemination to the minimum 
during Buoh operations. This operation should be started early in 
spring and continued throughout summer till the monsoon, if possible. 
It has been noted that the aeeidiospores which are produced late in 
the season are most effective in infecting the second host end they 
remain in a viable condition longer. These spores are not always visible 
to the unaided eye, some of them become bleached by rain and the sun 
and lose viability but a great number oontinue to infect Smrtia during 
and after the monsoon. Unless these are completely destroyed, they 
remain a source of danger for a long time. 


* 
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The second method consists primarily in suppressing the tdeuto* 
stage, and finally, eradicating the alternate host. The success ol this 
method lies in eradicating the Swertia host before the teleutostage 
appears, and secondly in completely eradicating Swertia before the 
seeds are mature and are dispersed from the capsules. This disease 
is only perpetuated through the medium of the second host. It is 
not likely that this rust hibernates or overwinters in this country on 
the felled branches and trees of pine in the ascidial stage or on the dead 
and decomposed parts of Swertia in the uredostage. It is a matter 
of doubt if the ascidiospores would retain their viability till the next 
year and infect the young Swertia during the rains and it appears still 
more doubtful that the uredospores will remain on any part of the plant 
in spring and infect the pine. It is extremely doubtful that this disease 
is tr ansmit ted through the seeds of pine in the sscidial-form as no cone 
has ever been noticed to bear this fungus nor that the uredostage may 
be transmitted through Swertia seeds. The inheritance of such disease, 
through seed, has not been proved so far, in case of any rust which is 
strictly hetercecious. 

The eradication of the alternate host in case of various hetercecious 
fungi, specially in the case of wheat rust, has proved a great success in 
controlling this pest. Such a measure as a control for the blister rust 
of white pines has been carried out in the United States of America, 
in Canada and in Central Europe in Germany, Switzerland,' Austria and 
Hungary, Norway and Sweden and in the United Kingdom. In spite 
of many difficulties which the United States and Canadian Govern¬ 
ments had to contend with in enacting the control measures of the 
white pine blister rust, namely, the perennial nature of the alternate 
host ( Ribes ), the phenomenon of overwintering on the pines as well 
as on the Ribes, combined with the economic importance of Ribes 
and the distribution of various species of native pines some of 
whioh are highly susceptible to Cromrtium ribicda infection, they 
were forced to enact quarantine laws prohibiting the transhipment 
of Ribes from the infected to the uninfected, eradicated and. con¬ 
trolled provinces. They have succeeded in reducing the infection 
and in bringing the disease under control. The Swertia species, 
which are now known as the alternate hosts of the e&tr-pine blister 
rast, are annual herbs and as infection takes place every year, such 
contingencies do not arise. Consequently, we have, even though 
the disease has established itself and appears to be wide-spread 
throughout the young pine stands in the North and North Western 
India, an easier problem to work out in bringing this pest under 
control. 
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X. SUMMARY. 

2. The blister rust disease on Pima longifolia has fully established 
itself in the pine forests of the Kumaon and Garhwal Himalayas. The 
disease has a much wider distribution than has been found in other 
regions of the Himalayas where pine grows either gregariously or mixed 
with other species. The amount of damage cannot at present be esti¬ 
mated in figures but must be very high. All attempts to control this 
disease have hitherto failed. Owing to the high rate of mortality of 
young saplings, wide gaps have been formed in the plantations of the 
Almora Forest Division and attempts to fill them up by occasional 
sowings have failed. This disease has also affected much young 
natural regeneration in the Almora, Garhwal and Naini Tal Forest 
Divisions. The blister rust disease generally affects young crops 
up to 20 years of age. Trees beyond 30 years of age appear safe from 
infection. 

2. In the course of a search for the alternate stages a species of Cronar- 
tium was discovered in Kaligadh block, Ranikhet, in October 1927 
on Swertia alata and in Kalimat, Almora, on S. anguatifolia and on 
S. cor data. The search was extended over 45 blocks consisting of about 
200 compartments of Kumaon Forest Circle (Almora, Garhwal and 
Naini Tal Divisions) and this fungus was found in all blocks where chir 
mortality was reported. There are two other species of Swertia, viz., 
S. paniculata and S. purpureseens, which though always growing close 
to the three infected speoies bore no fungus. 

3. The new species of Cronartium has been described as Cronartium 
himalayense and the full technical description has been included in the 
body of the paper. 

4. During 1928 and 1929 the above five species of Swertia were 
inoculated under control with the secidiospores of the blister rust pre¬ 
viously described as Peridermium himalayense (3) from the stem of P. 
longifolia with the result that within two weeks the Cronartium, stage 
was reproduced on them. S. alata and S. anguatifolia took heavy in¬ 
fection and <S. cordata took a slight infection but S. purpureseens and 

S. paniculata took no infection under the same circumstances. This 
fungus on Swertia spp. therefore is proved to be biologically connected 
with Peridermium himalayense. 

5. The life history and distribution of the alternate hosts of this 
pine rust, viz., of the above mentioned species of Swertia in the Himalayan 
and Sub-Himalayan tracts of North and North-Western India, have 
been described. The presence of this host has been recorded from 
practically all the forests where P. longifolia grows. The wide-spread 
infection of pine in these forests has therefore been correlated to the 

B 2 
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widely distributed susceptible species of Swertia and all evidence seems 
to indicate that the long distance spread o! tbia disease has been caused 
by wind-borne aecidiospom. 

6. An attempt has been made to outline the history of blister rust 
on P, kngifolia and its recent spread in the forests of the Almora, Garbwal 
and Nairn Tal Forest Divisions, The introduction of the blitter met 
to pew areas has been explained, so far as the available data at our 
disposal permit, to be due to wind-blown ©oidiosporea, which infeet the 
broad-leaved host during the early monsoon rains, and the re-infection 
of pine by sporidia from the germinating teleutospores tabes place at 
close range during the later part of the monsoon and sometimes con¬ 
tinues till autumn. The approximate time when the infection of both 
hosts tabes place in nature has been given. 

7. This paper deals with the dissemination of ©cidiospores, uredos- 
pores, teleutospores and sporidia from various aspects. The seeidios- 
pores of Cronartium himalayense are dry, dusty and powdery. They 
are produced in enoimous quantities, like the wind-blown pollen of 
coniferous plants, and are capable of long-distance dissemination by 
wind. The uredostage is a local intensification stage and a repeating 
stage. The spores are often disseminated from one leaf of Swertia 
to another and sometimes from one group of Swertia plants to another 
and under warm and moist weather conditions produce an abundance 
of lesion locally. The teleutoetage may be regarded both as an emer¬ 
gency stage and a multiplication stage, whereby the fungus produces 
a large surface of sporidia-producing cells just prior to the death of the 
host plant. Jn this form the fungus reaches its final and critical stage. 
These spores are of delicate structure which signifies their capacity of 
limited and local dissemination. Their chief function lies in the re¬ 
infection of pine to complete the cycle. 

8. The “ effective range ” of spore dissemination and longevity of 
the above four kinds of spores have also been considered and a tentative 
range of pine and Swertia infection has been recorded. The problem 
of the overwintering of the various spore-forms of the fungus has been 
discussed. From the nature of the weather conditions under which 
I he fungus spreads in these sub-tropical Himalayan forests the SBchtio- 
spores do not appear likely to overwinter. The broad-leaved host on 
the other hand is an annual; there is, therefore, still less likelihood of 
its overwintering in the uredo-form. The relation of weather conditions, 
i.e„ rain-fall, which is a factor controlling humidity and temperature 
during the infection period has been correlated to various degrees of 
infection of Swertia and the production of uredo and teleutostages fur 
three years during which this investigation was continued, 
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& Various methods of silvicultural treatment, which are generally 
prescribed for the control of hetercecious couiferous rusts, via., the substi* 
tution of the susoeptible pine with other immune or less-susceptible 
native of foreign species of pine in these areas, the adoption of the Selec¬ 
tion System of forest management, the admixture of broad-leaved species 
of forest trees with pine, have been discussed. But these propositions 
have been dismissed on account of considerable difficulties that would 
have to be faced in forest management, exploitation and economy of 
this species and of the unsuitability of other species of pine from a silvi- 
oultural point of view. 

10. In the uniform regeneration system the area under young growth 
should be broken up as far as possible by older crops. This should 
serve as a natural control and check the spread of the disease when it 
attacks the regeneration in epidemic form. 

11. Eradication of the alternate host is recommended as the only 
suitable measure to deal with this disease effectively. The destructiou 
of the aecidiospores by burning the infected pines, which has been already 
tried in the Almora plantations without much success has also been fully 
considered. The range of eecidiospore dissemination has been tentatively 
determined to be 300 yards so that a strip of this width round infected 
pine stands should be kept free of Swertia. A scheme has been suggested 
for the eradication of Swertia spp. for three years in succession and 
thereafter in alternate years for six eradication years in Periodic Block 
I areas. The best time for eradication operations is soon after the rains 
till early autumn, before the Swertia seeds mature and are dispersed. 

12. The divisional authorities may find it somewhat difficult to apply 
the above method of control but the writer believes it would be worth 
the trouble. 
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EXPLANATION OF PLATE I. 


Drawing of Swertia alata illustrating in a semi- diagrammatic manner the succession of 
Cronariium infection of the leaves during the progress of the rust x$. 





EXPLANATION OF PLATE II. 


Photograph of a pressed specimen of Swertia cUata from Kaligadh compartment, Rani- 
khet, West Aimora Division, with typical infection of Cronartium himalayenm . x4. 
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EXPLANATION OF PLATE III. 


Photograph of a pressed specimen of Swertia anguttifolia from Kali mat compartment. 
Almora, West Almora Division, with typical infection of Oromrtium himalayenw. 
Xi. 







EXPLANATION OF PLATE IV. 

Photograph of pressed specimens of three dwarfed species of Swertia from the fire-lines 
and grazed forests. Figs. 1 and 2 Swertia mgustifolia from Garkhet and Chakar- 
gaon blocks, West Almora Division; Fig. 3 Swertia alaia from Pharkanouli block. 
West Almora Division; Fig. 4 Swertia cordata from Bhowali block, Naini Tal Divi¬ 
sion. / J. 
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PLA'I K IV. 






EXPLANATION OF PLATE V. 


Photograph of chir forest showing typioal gaps caused by the Cronartium mortality 
(left) with some dead trees in the fore ground as oompared with the well-stocked 
forest in the right-hand side of the picture. Chakargaon plantations. West Almora 
Division, 
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PLATE V 




EXPLANATION OF PLATE VI. 

Photograph of specimens of saplings of Finns fongijoha of different ages from 4 to 7 
years from Pharkanauli Controlled Burning Experimental Plot No. C, West Almora 
Division, the area being burnt once every year. Note the amount of primary 
needle-like tufts produced from the leading stem. Photographed in November. 
1929. 
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EXPLANATION OF PLATE VII. 

Photograph of specimens of saplings of Pinus Ion gif alia of different ages from 4 to 7 
years from Pharkanauli Controlled Burning Experimental Plot No. I), West Almora 
Division, the area being burnt twice every year. Note a number of coppiced shoots, 
the foliage consisting mostly of primary needles. The leading blanches have died 
due to damage from fire. Photographed in November, 1929. 
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EXPLANATION OF PLATE VIII. 

Photograph of a section of a leading stem of Pinvs longifolta, showing a number of 
adventitious buds produced artificially in the course of three years by tightening 
a galvanised iron wire round the stem ; age of the tree 7 years. Note the cut ends 
of the wire in the right-hand side of the photograph, x 






EXPLANATION OF PLATE IX. 

Chart showing rainfall curve oI Ranikhet for the years 1927, 1929 and 1929, 












EXPLANATION OP PLATE X. 

Chart showing rainfall ourve of Almora for the years 1927,1929 and 1929. 
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EXPLANATION OF PLATE XI. 

Flo. 1 .—Drawing of a section of Smrlia alata leaf through stomata showing a very 
early stage of infection of the fungus. The leaf portion ms pickled 6 days after 
inoculation*just when the etiolation of the disease was evident* Note the haustoria- 
like tip of the aocidiospore and sections of loose hyph® in the sub-stomatal vesicle. 
The blnuoleate cells are arranged against the epidermis in a regular fashion; (a) 
hausfcoria-like cells. X 460* 

Fig. 2. —Drawing of a median section of a very young uredosorue in the process of 
development. The section of the leaf was taken when the epidermis was slightly 
raised from the leaf-surface, 8 days after inoculation. Note the cells just below 
the epidermis are oriented with their long axes more or less perpendicular to the 
epidermis 5 (a) peiidial cells, ( 6 ) young uredospores, (c) stalk oeU, (d) basal cells, 
(e) epidermis. x450. 

Fio. 3.—Drawing of a tangential section of a young uredesorus somewhat older than 
that illustrated in the previous figure. Note the elongated nature of the young 
peridial oeUs; (a), ( 6 ) young uredospores, ( 0 ) stalk cells, (o) basal cells, («) epidermis. 
* 460 . 




EXPLANATION OP PLATE XII. 

Fig. 1.—Bra wing of a median section of a young uredosorus slightly more advanced 
than that of Fig 3. Note the binuoleate young uredospores and the disintegrating 
basal cells. The peridial cells are collapsing and note their early disintegration; 
(a) peridial cells, (b) young uredospores, (c) stalk cells, (d) basal cells, (e) epider¬ 
mis. x460. 

Fig. 2. —Drawing of a median section of a mature uredosorus; (a) peridial cells, ( b ) ure¬ 
dospores, (c) stalk cells, (d) basal cells, («) epidermis. X460. 
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EXPLANATION OF PLATE XIII. 

Fig. 1 .— Drawing of a median section of a young teleuto-column whioh is produced 
thiough an old uredosorus. Note the change of configuration of the cells in transi¬ 
tion. A few immature uredospores are seen in the diagram. The peridial cells 
have entirely collapsed; (a) peridial cells, (6) uredoepore mother cells, (c) young 
teleutospores, (d) epidermis. x460. 

Fia. 2 .—Drawing of a median section of a young teleutosorus. Note the broken and 
disintegrating peridium (a). x460. 






EXPLANATION OF PLATE XIV. 

Oatline drawing of a complete teleu to-column produced on the under ewfeoe of the leaf 
of Swertia alaku Note the germinating teleu toaporea (a) producing promycelia (6) 
and baaidia (c). Semi- diagrammatic, x640. 




EXPLANATION OF PLATE XV. 

Drawing of a young teleuto-colnmn from the stem of Swertia alaia f showing only a portion 
of the stem; (a) epidermis, (b) parenchyma, (c) cambium, (d) vessel* Semi-diagram- 
matic. x540. 
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EXPLANATION OF PLATE XVI. 

Fig. i,— Brewin g of- germinating teleutosporee showing the earliest stage of knobby 
growth, x 840. 

Pro. 2 .—Drawing of germinating promycelium with the tip bearing sporidia. x 940. 
Fio. 3.—-Outline drawing of a promvcelium, which has collapsed after the discharge of 
sporidia. X 840. 

Fig. 4.—and b stages during germination of secidiospores. x 840. 

Fio. 5.*—A, B and C stages during germination of sporidia. x 1100. 

Flo. 6.—a and b stages during germination of uredoepores. x 1000. 




EXPLANATION OF PLATE XVII. 

Diagram representing the life cycle of Cromrtium himalayente. 
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PLATE XVII. 
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A STAND TABLE I0R SAL (SHOREA ROBUSTA) 
EVENAGED HIGH FOREST. 


L INTRODUCTION. 

A Yield Table for Sal, fod. For. Boo., VoL X, Paat 321,. was pub* 
iiahed in 1928. This was based on 115 sample plots of whioh all were 
in tbs United Ptovinoes except 10 in Bengal and 5 in tbs C entral Pro¬ 
vinces and no data were given skewing the proportional repr esentation 
of trees of different diameter classes in a crop of given average diameter. 
Tim object of tbe present publication is to supplement the 1923 yield 
tables in this respect. 

Tbs stand tables are based on 412 measurements taken in 256 samp le 
plots, distributed by provinces as under:— 


Province. Number of plots. Number at 

r meMaremante, 


Bengel. 38 71 

Biher *nd Oriase ...... 89 *16 

Central Province* ...... 42 87 

United Bravinoee .. 89 i 8 9 


®rt«J • 286 41* 


Method of compilation. 

The alignment chart method has been adopted fear the compilation 
workas it was found to be most suitable and conv enien t. This method 
has^nfolly described in Appendix II of the Multiple YieldTahlea 

be ^fod to for details (fod.Fmr. Reo., VoL 











2 Indian fared Meteor#*. 

The Tables. 

The lour tables listed below and appearing on the following pages 
should cover all usual requirements:— 

Table 1 .—Stand table showing the percentage of the total number 
of trees np to given diameter limits in crops of 
meters. 

Table 2 .—Stand table showing the percentage of the total number 
of trees by 4' diameter classes in crops of Various diameters. 

Table 3 — Stand table showing the percentage of the total number 
of trees by 4* diameter classes exctuamg trees fa) below 8' 
and (6) below 12' in diameter. 

Table 4 .—Numbers of trees per 100 acres of normal finest under 
rotations of 100 and 120 yearn, before the annual fellings. 

The first two tables am for use in direct connection with the yield 
tables including all trees down to 1' diameter at breast height. 

The third table makes provision for the customary enumeration 
limits of 8' and 12* d. b. h. and is for use in connection with enumera¬ 
tion data. Tables down to any other desired enumeration limit can 
readily be derived from Table 1 on similar lines. 

The last table gives the number of trees in each of the 4' diameter 
classes usually adopted for enumeration work which should be present 
on 100 acres of forest of different qualities with normal stocking and a 
rotation of 100 or 120 years. This table is derived from the yield tables 
and Table 1, or actually from the alignment chart from which Table 1 
itself was prepared. Similar tables could readily be prepared for any 
other rotations covered by the yield tables. 





TABLE 1. 

Shores robust* (High Forest). 
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TABLE 3a. 

Shores robusta (High Forest). 



,—-The figures for partial crop of average diameter 18' and above are the same as those for the total crop, there being no trees of S' and 
[is total crop ovfif this diameter. 

pits. —(1) In a partial crop of 14' average diameter, what percentage of the total number of toes will be above 20* diameter t 
2 per cent. 

(2) In a partial crop of 16* average diameter, what percentage of the total number of trees wUl be between 20* and 24'diameter T 





































fAil 4 (a). 


Shorea ro&Mto (fftpH Fmsti). 

Number* of trees per 100 acres of normal forest under a rotation of 160 
years, before the annual fellings. 


Diameter 

etas*. 


Number ol trees. 


Quality I. 

Quality I-II. 

Quality II, 


Quality 111. 

HjljB 

8,870 

2,520 

4,160 

1 

4,020 

4,890 


2,000 


2,360 

2,050 

1 f iSAMflBfek 

1,420 

1,240 

wSmKQiM 

690 

440 

20—24 . 

600 

290 

■Eij 

100 

40 

24—28 • • 

130 

00 


10 

• • 

28—82 . 


10 


,, 

♦ 4 

82—86 . 

10 

♦ • 

mm 

•• 

•* 


TABLE 4 (6). 


Shorea robusta (.High Forest). 

Numbers of trees per 100 acres of normal forest under a rotation of 120 
years, before the annual fellings. 


Diameter 

class. 


Number of trees. 


Quality I. 

Qualify I-II. 

Qualify II. 


Quality HI. 

Inches. 

8—12 • • 

3.2S3 

3,488 

2,787 

8,992 

4,888 

12-16 . 

2,176 

2,883 

2,417 

2,426 



1,425 

1,888 

1,268 

1,017 

788 

80—24 . 


642 

417 

267 

126 

24-28 . 

288 

168 

92 

42 

26 

2S--32 . 

67 

26 



*, 

82--M . . j 

25 

8 

17 i 

8 i 

*» 
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KRIMEOGKAL INVESTIGATIONS ON THE SPIKE 
DISEASE OF SANDAL (12). 

The UMbny and Morpkober of Earyfatacliyt 

Fabr. 

FULGOREDAE (HOMOPT.) 

BT 


N. C. CHATTERJEE, B.&o., F.R.EJ3. 

(Brandi of Forest Entomology, Forest Research Institute, Dehra Dm.) 

INTRODUCTORY. 

Various workers have mentioned this species as a minor pest of agri¬ 
cultural crops, but very little is known about the bionomics and life- 
history of E. tomemtosa Fabr., more particularly in its relation with sandal, 
Suntalum album. Together with Sanma nigroclypeata Mel., this species 
is found commonly in the sandal forests of South India. During the 
course of field work in North Salem, Vellore, and Coorg Forest Divisions 
this species has been found feeding by the writer on both healthy and 
spiked sandal, in the adult and nymphal stages. It also occurs in the 
quantitative collections from all localities. The younger stages of this 
species are liable to be mistaken for older S. nigroclypeata nymphs. The 
late Mr. T. N. Hearsey, Extra Assistant Conservator of Forests, Madras, 
while engaged on spike work (8,9), also found this species to be common 
on sandal and considered it as one of the possible vectors of spike disease. 
T ransmiss ion experiments with this species have been conducted by the 
writer and Mr. Dover in the Insectary provided by the Indian Institute 
of Science at Bangalore*. Most of the life-history studies were made in 
the field laboratory at Denkanikota, North Salem, on sandal alone. 
Mr. M. Appanna, insectary assistant, made observations on the periods 
of the different stages in the life-history and his records have also been 
incorporated. 

." I "j» l i 1 #«l... . . . II ■>*■ > . . I. . ... m» .WII>WI**»W'||'.1 I,” 'Criii-ii.ij ‘I". . lr »' 1 ■ I. .'»■■■»■ I" l«l> . . . ■■ 

• IirfuM—*we «wtfb> i write nf exMabneate la towewwM tea with this and other 
«$Mk* w3! be paMBriwd iae tatae number of ttteeetiM. 
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h B pwmtfm Posmojr. 

Distant (4) recognised wfly iwitve rniMamilioa ol Fulgoridae. Muir 
(16) has classified the super-family Fdgorddea iato fifteen families mi 
the genua Ewybrachys is placed in the family Eurybrachidae. . 


2. Synonymy. 

In 1916 Distant (4, p. 22) with regard to a male specimen collected 
by Dr. T. V. Campbell in copulation with a normal female, stated that 
“ this male specimen differs in having the apical areas of the wing nearly 
wholly black, with a central transverse white fascia. I take this male 
specimen to be a varietal form of this very variable species ”. Nothing 
is mentioned about the general colouration of the body or of the tegmen 
of this male specimen. 

All the specimens previously identified as E. tomentosa Fabr. in the 
Forest Research Institute collections are females. The fact that the 
dimorphic forms of one species have been considered and described 
as three distinct species, and their relationships remained undiscovered 
for a period of over seventy-five years is remarkable. During the course 
of the present investigations three distinct forms have been reared from 
a batch of eggs laid by one female. Further, the smaller male form with 
tawny brown tegmina has been seen in copulation with the larger greenish 
olivaceous female form, both in the field and laboratory. 

Hearsey, it appears, was aware of the fact that the male was different 
in colouration from the female; and took a pair in copulation from a 
succulent shoot of Cassia fistula at Aiyur on the 19th October 1916. He 
also caged seven females and three males on the 17th October 1916 on a 
sandal tree. On the 17th November, all the males and females were 
found dead; but a large number of young nymphs were seen by him on 
that date. On the 9th March 1917, one nymph was found to have trans¬ 
formed to an adult male, and it was of pale brown colour throughout. 

In 1906, Distant (4, p. 223) stated that “ this is a most variable—both 

in size and odour—species to identify. In faded specimens 

the tegmina are ochraceous, with the fasciae only a little paler and subob- 
solete. In some these fasciae are testaceous, in others macular and much 

broken. There appears to be a variety with the kgs concolor- 

ous.” In a large number of specimens collected by the writer in the 
field, and also in the identified examples now present in the collection 
of the Forest Research Institute, the following variations in marfrmg 
and colouration of the female are observed :— 

(а) Tegmina olive green with flavesoent discs! fasciae and spots, 

(б) Tegmina olive green with reddish-orange discal fasciae which 

may be broken or continuous. 

(c) Tegmina vireacent or stramineous with pale diseal fascia*. 

(d) Tegmina ochraoeous with reddish-orange disoal fasciae, ' 
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(4 Togmiaa ochraceoas with paler diseal fasoiae. 

tfy Tegmiaa of A mixture of green and oehraceons without discal 
fasoiae. , 

(ff) Tegmina wholly ochraceoas without diseal fasciae, and spots. 

(h) Face, pronotum and mesonotum oilve green. 

(i) Face olive green, pronotum and mesonotum red. 

(?) Face ochraceous or brown, pronotum and mesonotum red. 

(4) Posterior leg not black or fuscous, but red like the anterior or 
intermediate legs or reddish black. 

Specimens of males, bred in the field laboratory, tally with Distant’s 
descriptions of both Eurybrachys apicalis Wlk., and E. dilatata Wlk. 
With regard to the later species Distant (4, p. 224) states “ it is quite 
possible that this is only a varietal form of E. apicalis Wlk., but at present 
there is no more reason for that conclusion than there is for its specific 
distinctness which at least seems more probable ”. In a few examples of 
E. apicalis Wlk., and E. dilatata Wlk., recently identified by Mr. B. 
Ovatov through the courtesy of the authorities of the British Museum, 
it is found that examples with sanguineous legB have been identified as 
Eurybrachys apicalis, and that red colouration at the base of the abdo¬ 
men is present in all the specimens identified either as Eurybrachys 
dilatata or E. apicalis ; while according to Distant’s descriptions “ legs 
and base of abdomen sanguineous ” is to be seen only in the case of E. 
dilatata. Moreover the rostrum, in all the examples identified as E. 
apicalis, is not “ piceous 

In the male forms reared from the same batch of eggs, sanguineous 
colouration in the legs, t.e., E. dilatata type, is present in some ftTamplaa 
while in others the legs are fuscous, i.e., of E. apicalis type. The base 
of the abdomen also varies in coloration; some are without the red. 

Examinations of a large number of specimens from field collections, 
specimens present in the Forest Research Institute, and also bred 
examples, show the following variations in marking and colouration in 
the male. 

Tegmina pale tawny brown or speckled with fuscous in all cases with— 

(а) Rostrum fuscous with no red colouration on legs or abdomen. 

(б) Rostrum fuscous with red colouration at abdomen only. 

(c) Rostrum fuscous with red colouration only at the third legs. 

(d) Rostrum fusoous, third leg not blaok, base of abdomen only 

sanguineous. 

(a) Rostrum fuscous, with both legs and base of abdomen sangui¬ 
neous. 

(f) Rostium piceous with red colouration at abdomen only. 

(g) Rostrum piceous with both legs and base of abdomen sangui¬ 

neous. 
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E. apicalis was described by Wa&sr is lift. Ham. JJ, ft. MS xa 1851, 
and JR, ddatota waa described by the hw aatbsrk its*. Mom, I/, p.398, 
also in 1851. < 

From tie foregoing, JT. apiceMs is the male, and JS. fcm&satoaa is the 
female of one and the same species. JF. d&atafu WHc. merges into JF, 
apicalis Wlk. because of page priority. As the specific name fammtosa 
Fabr. is older and described by Fabricms is Syst. Enfant. II, p. 334, in 
1775, the names apiccMs Wlk., and dHata Wlk., sink as synonyms of 
tomentosa Fabr. 


3. Distribution. 

Bombay; Bangalore, CbikkabaDapur, Mysore; Hambaatota. 
Peradeniya, Ceylon ; Nilgiri Hills ; North Bengal (Distant). Auran¬ 
gabad ; Dhulia, Surat, Bombay; Godarwada, Nagpur, C. P.; Penu- 
konda, PoIIibetta, Madras (Fletcher). Aiyur, Coimbatore, Denkani- 
kota, Jawalagiri, Kottur, Nilambur, Noganur, Madras; Fraserpet, 
Coorg; Poona, Bombay; Raigarh, C. P. (Forest Research Insti¬ 
tute). 


4. Food-Plants. 

Albizzia lebbek., Argyreia cuneata, Cassia fistula, Cipadessa frutieosa, 
Blaeodendron roxburghii, Santalwn album, Scutia indica, Terminalia 
tomentosa, Vitex negundo, Vitis sp., Zizyphm jujuba, Z. oenopUa, Z. xsfio- 
pyra (Hearsey). Hibiscus esculentus, and other Malvaceous plants 
(Lefroy). Cafatropis gigantea, Cotton, Erythrina lithosperma, Hibiscus 
esculentus, Zizyphus jujuba, and various Malvaceous plants, (Fletcher). 
Cajanus indicus, Calotropis gigantea, Crotolaria paniculate, Dichrostachys 
cinerea, Santalwn album, Zizyphus oenoplia (N. C. Chatterjee). 

5. Economic Status. 

This fulgorid is less common than Sarima nigrodypeata and is found 
feeding on both healthy and spiked sandal, in the sandal forests of south 
India. E. tomentosa is injurious to sandal both as adult and nymph. 
The effect of feeding of isolated individuals on sandal is not conspicuous, 
but when present in large numbers on a sandal branch for a prolonged 
period, the growth of the shoot is checked, the leaves may wither and be 
shed, and young shoots and twigs may be killed back as a result of drain¬ 
age of sap. In the insectary, one year old sandal seeding* were found 
to deed tin leaves and dry up, as a result of the feeding of twelve indi¬ 
viduals within ten weeks. E. tomentosa, along with other sandal Homo• 
ptera, is a contributory factor m earning Ike general condition of stag- 
headness of sandal seen in the sandal forests of Madras , Coorg and 
Mysore. 
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& Biowgt. 

Habits .—On hatching from lie egg, the nymphs remain congregated 
•for some time near the egg clusters, and after twenty four to forty eight 
hoar* become active, spread out and run over the sandal plant for purpose 
of feeding. After moving up and down for * short time the nymph 
selects a spot, at the axil of leaf or shoot, where it fixes itself temporarily 
and sack* sap. The young nymph may also be seen on tender shoots or 
underneath a new leaf. The nymphs of the first, second, and third 
instate, suck sap from leaves and tender green shoots; while the older 
nymphs and. adults, feed on both green and suberued shoots of healthy 
and spiked sandal. At places on both green and suberised shoots, where 
the adults and nymphs, have inserted their probosces and fed, a small 
dark mark in the shape of a ring is left, which is perceptible with the naked 
eye. The proboscis penetrates at right angles to the stem, and while 
feeding the nymphs have the habit of wagging the tail or the anal brushes 
sideways. 

The nymphs of the second, third, and fourth instar are not so restless 
sb the nymph of the first stage. The nymph of the fifth instar is most 
active. Besides the power of jumping, the nymph in aU stages is capable 
of walking forwards, backwards and sideways. When approached, it 
at once tries to hide itself, by slipping round to the opposite or shadier 
side of a shoot ot leaf or jumps away. The nymph when about to jump 
from one shoot to another is seen to raise the anal brushes, and to wave 
them from side to side. After six to twelve hours of moulting, the adults 
are able to move about actively. The male is more active than the 
female. The least touch or disturbance sends the hoppers jumping about. 
The female, during the period of oviposition, is very sluggish in her move¬ 
ments owing to the weight of the eggs, and can be easily caught. The 
nymphs are provided with two bundles of long, curved, brownish white 
anal hairs, which they carry about in an erect position, with the apex 
of the abdomen lifted. The lower or the basal portion of the anal brushes, 
is stuck together hard with a waxy secretion, and appears as two project¬ 
ing brownish rods at first. The apical portion of the anal brush, is loose, 
hairy and free. The nymphs have the habit of beating the surface of 
leaves, shoots, branches, and stems on which they happen to be with 
their anal brushes. They also have the habit of carrying the anal hairs 
right over the back, and moving them slowly sideways and up and down. 
The anal hairs are very fragile and are soon broken during capture. 
During the process of excreting the honeydew the bundles of sensory anal 
hairs are thrown wide apart, and a clear droplet of viscid fluid is ejected. 
When the honey dew is thick on the leaves, it imparts a shining appear¬ 
ance, and ants may be sees running up and down the plant and Bdring 
the sweat excretion. E. tomewUm does not seem to be much attracted 
to light at night. Only a few odd specimens have been taken at fight. 
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At the time of hatching of eggs both the male and the female am very 
often seen near the egg clusters. 

7. Copulation. 

Copulation takes place in the usual hemipterous fashion during the 
day on a leaf, on the shoot or on the bole of sandal, the heads of the male 
and female lying in opposite directions. The period of copulation lasts 
from three to four hours, and in some cases it was noticed to exceed 
this time. After copulation the female wanders all over the plant to 
select a site for egg laying, and the male is always found near the female. 

8. Oviposition. 

The female E. tomentosa six days after copulation, is seen to secrete 
a white flocculent matter*, from two wax plates situated above the anal 
aperture. This flocculent efflorescence gradually grows into a large mass 
on the third day after appearance. On the tenth day after copulation 
the female begins to lay eggs. When five to eight eggs have been laid, 
the pair of fulvous, hairy, hatchet shaped external genital organs, which 
are situated near the anal aperture, begin to work and bring down a 
sufficient quantity of the white flocculent efflorescence from the wax 
plates, and spread it over the eggs. As soon as the eggs have been covered 
with the flocculent material, the female extrudes other eggs, which are 
caught by the external genital organs, and laid by the side of the previous 
eggs. When five to eight eggs have been laid again, the process of cover¬ 
ing them with the white flocculent material is repeated. 

9. Site op Oviposition and Number op Eggs. 

The female oviposits on the surface of leaves, on the bark of shoots 
and branches, and also in a notch on the bole of sandal. The eggs are 
laid in elongate oval clusters, each containing 30—42 eggs at a time, and 
as many as six egg clusters may be laid by one female. In each cluster 
the eggs touch one another, and the space covered by the egg masses on 
leaves and bole, varies from 10—15 mm. One bred gravid female was 
dissected and the number of eggs contained in the ovaries was counted 
to be 194. The female always covers the egg masses with a thick mat 
of white flocculent efflorescence. The covered up egg masses are rather 
conspicuous, and the white flocculent material is probably intended as a 
protection against the inclemencies of the weather. 

10. Duration op Incubation Period. 

The shortest time taken for the eggs to hatch was fifteen days in the 
month of June, at a mean temperature of 82°P., while the longest tune 


* Seepage 23 for obemioal examination of this material. 
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*M twenty-one days in the month of August, at a mean temperature of 
79°F. The average lame of eight records is 18*9 days between mean 
temperatures of 79°F—87°F, during the months of May, June and August. 

11. Hatching. 

The nymph emerges by making a slit at. the sides of the egg, with the 
help of the posterior legs, which are provided with toothed trochanters, 
as is seen in the case of Sarima nigroclypeata Mel., and also in Pyritta 
aberrant Kirby. By rubbing the toothed trochanters against the chorion 
of the egg from within a slit is first made, and is further widened by the 
stout spines on the tibia and tarsus of the third legs. The first to come 
out are the head and rostrum. The emerging nymph moves to and fro 
by which means the yolk membrane is gradually brought down the 
thorax, abdomen and legs till the body is entirely free. In one observa¬ 
tion the total time taken for the nymph to emerge from the egg, was 
found to be one hour and thirty-five minutes. 

12. Different Stages in the Life-History. 

The nymph undergoes five moults during an average period of one 
hundred and one days, and then becomes adult. The nymphs are gre¬ 
garious only for a short time in their early life, when they are often 
attended by the parent hoppers. The time spent in the different stages 
of the life-history is given below. 

First Nymphal Stage. 

The shortest time taken to moult from the first to the second nymphal 
stage was 18 days in the month of June, at a mean temperature of 83°F ; 
while the longest time was 24 days also in the month of June, at a mean 
temperature of 83°F. 

Two individuals moulted in 19 days, in the months of May and June 
at mean temperatures of 84°F and 83°F; and a third moulted in 20 days 
in September at a mean temperature of 79°F. The average time of 
twenty-three records is 20*3 days, during the months' of May, June and 
September, at mean temperatures varying between 79°F—84°F. 

Second Nymphal Stage. 

The shortest time taken to moult from the seoond to the third nymphal 
stage was 18 days in June-July, at a mean temperature of 77°F; and the 
longest time was 22 days, at a mean temperature of 79°F, in the month 
of July. Three individuals moulted in 20 days, during June and October, 

. at mean temperatures of 88°F, 76°F and 77®F; while one moulted in 21 
days, in July ata mean temperature of 78°F. The average time of thirty 
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eeceede k MW» dq$» during the month* of Jwe, ^ «af October, 01 
maui temperatures varying between 7#*F—88°?. 

Thxbd Nymphal Stags. 

The shortest time taken to moult from (the third to the fourth nymphal 
stage, was 20 days in July and October, at mean temperatures of 79°F 
and 78°F ; and the longest time was 23 days, in the month of August, 
at a mean temperature of 79°F. Three individuals moulted in 21 days, 
during August and October, at mean temperatures of 70° and 78°F. 
The average time of thirty-six records is 21*1 days during the months 
of July, August and October, at mean temperatures varying between 
78°F—79°F. 


Fourth Ntmphal Stage. 

The shortest time taken to moult from the fourth to the fifth nymphal 
stage was 19 days in August, at a mean temperature of 79°F ; and the 
longest time was of 22 days, in the month of November, at a mean tem¬ 
perature of 73°F. Two individuals moulted in 20 days, in July and 
November, at mean temperatures of 78°F and 74°F; while three indivi¬ 
duals moulted in 21 days, during August and November at mean tempera¬ 
tures of 79°F and 74°F. The average time of twenty-seven records is 
90*5 days during the months of July, August and November, at mean 
temperatures varying between 73°F—79°F. 

Fifth Nymphal Stage. 

The sborest time taken to moult from the fifth nymphal stage to adult 
is 19 days in the months of September and December, at mean tempera¬ 
tures of 78°F and 71 °F ; and the longest time is 20 days in September 
and December, at mean temperatures of 79 9 F and 71°F. The average 
time of twenty records during the months of September and December 
is 19*6 days, at mean temperatures varying between 71°F—79°F. 

13. Moulting of Nymphs. 

When about to moult a fine rupture appears from the vertex to the 
base of metanotum. The emerging nymph or adult slowly crawls out, 
and the moulted skin is always left attached to the undersurface of leaves 
or on bark of shoots by the legs. The moulted skin is devoid of anal 
hairs. The entire process of moulting from one stage to another occupies 
forty to fifty minutes. 


14. Lite or Adult. 

In nature the imago of S. UmerUom Fabr., should have a maxim tun 
life of over two mouths. In captivity only six records of adoit life have 
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"The awwge dwnefwm ef life is ef fffeS days. 

IS. Fmamstar un Sex iUno. 

The fem a le hopper has been observed to lay 8®—42 eggs at a time 
up to a total ctf ISO eggs. Counts in the ovaries of a bred gravid female 
have also been made, and a total of 194 eggs have been found in them. 
The sex ratio based on reared colonies inside sleeves is 1:1. 


IS. Duration or Live-Ctomc. » 

The following table summarises the time variation in the stages of the 
life-cycle:— 


Stage. 

Shortest 

period 

Longest 

period 

Average 

period 

fdays). 


<4*W>- 

Egg 

First instar . 

. 

15 

IB 

21 

24 

18-9 

20-3 

Second instar 

«... 

IS 

22 

19*9 

Third instar „ 

, , , , 

20 

23 

211 

Wmwttk instar 

«... 

19 

22 

20*5 

HIDi instar . 

. 

m 


IM 


Total 

< 

109 

mm 

120-3 days 


In a total of one hundred and forty-four records of the period 
«f development of the various s t ag e s, the difierenee between the shortest 
and the longest periods from wipoeitioa to adult is 23 days. The average 
time is of 120*3 days. 

17. Effect of Temperature on Development. 

The available records are considered to be sufficient, to form a very 
accurate idea «f the effect of climatic variations on the development 
of this species throughout the year. Only two broods have been earned 
through. Most of the transformations of the different stages take place 
between diteen to twenty-four days, at mean temperatures varying from 
ft°F—87®F, during the months of April to December. 

Oho second stage nymph took twenty days to moult to the third 
stage, at a mean temperature of WW, during Septemfeer-Octefeer; while 
another took the same time at a mean temperature of 83°F, during the 
months of May~Iuae. A fifth stage nymph moulted to adult stage during 
K e vember -Deoecaber in twenty days at a mean t e mp er at ure of TIT; 
wh3e another tookth* ^ameantempepatmowf TS 0 ! 1 during 

dlagpitb*®h^htoidsst,. . 
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Ifom Above it is inferred that the variations in the time ot mrm 

var5ationfl * It; 

can furtW be said that the range of temperature as is experienced at 

Denkanikote, North Salem, is well within the non-efectiveS^ beyond 

v*mh an effect would be produced °n the rate of development of the 

^^76x1 ^ UmenU>ta “ tieTefore considered to be active throughout 

18. Number of Generations. 

Allowing a fortnight for mating and maturation of the egg, 
it is evident that a minimum of 109 days, combined with an average 

^'T a J v a / 8 ’ P6mut a 8equence of three generations in a yew. 
As the adults live for over two months, and the egg laying goes on for a 

long time, the generations overlap. Under insectary Editions only 
two broods have been actually carried through. The first brood is durimt 
January to April, or earlier, vide Hearsey’s records onp. 2; the second 
is during May to August, and the third during September to December. 

19. Biotio Potential. 

Assuming that the egg laying capacity of this species is 194 eggs per 
female, the sex ratio is 1:1, the number of individuals produced from 
one egg is one, and the number of generations per year is three, then 

’ ritk * "”* le ** “ 

20. Seasonal Incidence and Relative Abundance fbom Quantita- 
tive and Field Collections, 

Of the total catch of E. tomentosa Fabr., in the quantitative colleO- 
tions the Aiyur sample plots yielded 53 per cent., the Kottur sample 
plots 23 per cent., the Jawalagiri sample plots 20 per cent., and the 
Fraserpet sample plots only 3 per cent., fig 1. In percentage of the 
total catch in one year, the relative abundance of this species in the 
different plots is as follows:— ■ 

Fraserpet plot No. 1 =0, No. 2=0, No. 3=0-6, No. 4=1-9, No. 5=0-6, 
No. No. 7=0; Jawalagiri plot No. 8=1-2, No. 9=0, No. 10=5-7, 

Tfi°’ ik"v 12 ia N °* ! 2 w ^ N o 13==1 ' 9 > No - 14 =5-7; Aiyur plot No. 
16=15, No. 16=3-1, No. 17=3-8, No. 18=16-4, No. 19=4-4, No. 20=3-1, 

No. 21=6-9; Kottur plot No. 22=4-4, No. 23=1-2, No. 24=1-9, No. 
25=5, No. 26=0-6, No. 27=3-8, No. 28=6-3. 

The specks is abundant in the Aiyur sample plots, pL 2, fig. 1, more 
so in the healthy plots i8 andib. Its abundance in the heavily spiked 
fiO° higher than in the healthy plots 16 and 17. In this spiked plot 
20, where the soil was dug up and manured, its abradaoee w the-seme 
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«* in the healthy {dot 16. Both nymphs and adults occur throughout 
July to February next. In Kottur the species is present in all the sample 
{dots, but is less frequent in the healthy plots 23 and 24, and least frequent 
in the spiked plot 26. Both nymphs and adults occur throughout March 
to November, pi. 2, fig. 2. In the Jawalagiri sample plots, it ia entirely 
absent in tbe spiked plot 9, in which the ground was dug up and the 
spiked trees were removed every month; but most abundant in tbe 
spiked {dot 14, where the treatment was more or less the same as in plot 9. 
This species is probably actually most abundant in plot 10, which was 
completely burnt by fire in April 1931. The figures represent only seven 
months* collection in this plot. At Fraserpct, it is most abundant in the 
spiked plot 4, and absent in the healthy plot 7. It is absent in sample 
plots 1, 2 and also in healthy plot 6, in which the soil Was dug up and 
manured ; but the number of individuals in the Fraserpet sample plots 
is very small. 

The graph for seasonal incidence, pi. 2, fig 3, shows that there is a 
gradual increase in abundance from March to May with a fall in June 
and July. The population increases again from July to its highest level 
in October which is followed by a decrease to February, but the popula¬ 
tion is less abundant in the months of January to March. 

The incidence of nymphs follows much the same trend, indicating 
the seasonal development of three generations, b,ut at certain periods 
the nymph population considerably outnumbers that of the adults. 

During the period April 1930 to December 1931, a separate collection 
of over three hundred E. tomentosa, was made on sandal from numerous 
localities by sweep-netting. The monthly totals do not show any marked 
seasonal variation, and both adults and nymphs occur each month. Both 
the field and quantitative collections confirm the conclusion that this 
species is active throughout the year. 


21. Night Collections. 

During the period October to December 1931 collections on sandal 
were made at night by field assistants in Denkanikota Range for one 
hour on alternate days and out of a total of 250 specimens of Hemiptera 
obtained, E. tomentosa represented 4 per cent. 


22. Morphology. 

(Description of various stages pi. 1, figs. 1-19.) 

Egg (Plate 1, Fig. 1). 

Tbe egg when freshly laid ia greenish white in colour. Within twelve 
hours, the colour of the egg changes to light green. On the sixth day, 
tie colour changes to greenish brown, and on tbe eighth day, it becomes 
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dark brown. On the twelfth day the egg attains a brownish blaok 
colouration. 

It is oval, broad at middle, slightly curved inwardly^ with * short, 
pale-brown, dark-tipped, pedicel at the anterior end, and a dark, blunt 
point, at the posterior end. Chorion perfectly smooth. When examined 
under the microscope it is seen to be covered with a whitish bloom. 
Length 1*25 mm; breadth 075 mm. 

First Stage Nymph. 

A freshly hatched nymph is dirty white in colour, within two and a 
half hours it becomes light brown, and by the end of three hours attains 
the general brown colour above and pinkish pale brown colour below. 
In fresh specimens, a whitish line bounded on either side by a pale line, 
is Been to extend dorso-longitudinally, from the vertex to end of abdomen, 
but these markings are liable to fade away. On emergence from the 
egg the nymphs are devoid of anal hairs. After twenty-four to forty- 
eight hours, two brown projecting rods become visible at the end of 
which the anal hairs appear to grow. On the sixth day the anal brushes 
are fairly prominent. On the twelfth day the ratio of the length of the 
body of the nymph to the length of the anal hairs is about 1:3. 

Vertex small, subquadrangular, broader than long, angularly em- 
arginate at base, ampliated posteriorly and at sides, colour dark brown, 
a little portion at apex whitish with a fine median carination. Face 
brown, flat, slightly broader than long, angled at sides, angularly ampliat¬ 
ed with three transverse pale or white fasciae, a curved fascia below 
apex, one below middle and a broad fascia at base ; the portion between 
the upper two fasciae darker, with a double series of globular, translucent, 
sensory pits at apical and lateral margins, and four sensory pits on the 
basal fascia, two on either side, PI. 1, fig. 2. Clypeus brown, stout, 
convex, smooth. Kostrum dark brown, hairy, reaching upto the third 
trochanters. Compound eyes red, covered with a white film. Antenna 
brown, short, cylindrical with a pale stripe on the second joint dorsally. 
Fronotum, smaller than the following two segments, mottled pale and 
dark brown, anterior margin ampliated, angularly produced in between 
the eyes with a fine medio-longitudinal ridge, and a series of 10 globular 
translucent sensory pits each with a fine seta, placed obliquely in two 
rows on either side of the median ridge. Mesonotum brown or dark 
brown, sinuate anteriorly with 4 globular sensory pits, each with a minute 
seta placed on either side of the median ridge, two placed near middle 
and two near lateral margins. Metanotum dark brown, tricarinate, 
angularly produced posteriorly, posterior tip white, with 3 globular 
sensory pits each with a fine seta placed on either ode of the median 
carinations, two near middle and one near lateral margins. Lege large, 
hairy, mottled white and pale brown; tibia of posterior leg with 4 casta- 



naorns spines at apex; tarsi two-jointed in ail legs, the first tarsal joint 
of tite tided leg with 3 spines and 1 spinale at apex. Abdomen with seven 
discernible segments, broad at base, tapering posteriorly with the 
membrane in between segments pink and pale areas on the dorsal surface, 
first abdominal segment transversely smaller than the second which is 
broadest; sixth abdominal segment is longest, and the apparent seventh 
abdominal segment telescopes into the sixth. Third, fourth, fifth and 
sixth abdominal segments each with two globular sensory pits, one on 
either side near lateral margin on the dorsal surface, and a pair of palo 
brown patches on the ventral surface. On the apparently seventh abdo¬ 
minal segment, round the inner margin of anal aperture, there are 8 
globular sensory pits with two orbicular spots on the outer margin. In 
pinned and pickled specimens the sensory pits on faoe, thoracic, and 
abdominal segments look like small pale or yellow globular tubercles. 
Two small, circular, white pads are visible, one on each side of the 
apparent seventh segment, above the anal aperture, from which the 
whitish brown anal brushes develop©. Besides these, are present two 
elongate membranous wax plates, one on either side of the circular pads. 
The anal aperture is vertical. Length 1*26—I'75 mm ; Length of anal 
brushes 4 mm; greatest breadth over thorax on the metanotum 0*8 
mm—1 mm; breadth between eyes 0-6—0-75 mm ; length of antenna 
0*6 mm. 


Second Stage Nymph. 

In recently moulted specimens, the white and pale brown lines, 
extending from vertex to end of abdomen, as seen in the first stage nymph 
are present; thorax whitish pink beneath, abdomen pinkish brown 
vcntrally with two brown patches on the third, fourth, fifth and sixth 
segments. General colour in mature specimens dark brown above and 
pinkish brown beneath. The anal hairs are shed with each excuvium 
and their reappearance in the second stage takes the same time as 
described in the case of the first stage nymph. On the fourteenth day 
the ratio of the length of the anal brushes to the length of the body of the 
nymph was found to be as 1*5:1. 

Vertex small, brown, broader than long, emarginate posteriorly, 
anterior margin pale, a little produced in front of the eyes, laminately 
dilated at the lateral and posterior margins, with a fine median carma- 
tiott* Face brown, flat, angled at sides, sinuate before clypeus, distinctly 
broader than long, with three pale white fasciae, one fine curved fascia 
above middle, another just below middle over the broadest part of face, 
and the third broad fascia at base, with a series of globular translucent 
sensory pits, at the apical and lateral margins, and 6 sensory pits on the 
basal fascia, three on either side ; the portion of faoe between the upper 
two fasciae darker. Clypeus dark brown, stout, convex, smooth* 

b 2 
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Rostrum dark brown, bairy, reacting up to tlie third trochanter*. Com- 
pound eyes tod, with a lateral thin edged triangular tubercle, without 
facets, situated near the antennae. Antenna brown, second joint stunt, 
robust, cylindrical. Pronotum mottled pale and brown, with a fine 
medio-dorso-longitudinal carnation, anterior margin angularly produced 
in between the eyes, posterior margin also angularly produced with 16 
sensory pits, on either side of the median ridge placed obliquely in double 
row. Mesonotum brown with a paler area at middle, about twice as 
broad as pronotum, tricarinate, posterior margin angularly produced, 
with 10 sensory pits on either side of the median carinations, placed in 
two groups, one of seven near middle and another of three near lateral 
margins. Metanotum dark brown or black, faintly tricarinate, anterior 
margin sinuate, posterior margin angularly produced, with 8 sensory pits 
on either side of the median carinations, placed in two groups, one of six 
near middle and another of two near lateral margins. Legs large, hairy, 
mottled dull white and brown, tibia of posterior leg with 7 stout spines 
at apex and 5 other spines between the base of tibia and the apical spines. 
Tarsi two jointed in all legs, tho first tarsal joint of the third leg with 3 
spines and 4 spinules at apex. Abdomen as in the first instar. First, 
and second abdominal segments without sensory pits ; third, fourth, 
fifth and sixth segments with a pair of globular translucent pits, each 
with a minute seta one on either side near posterio-lateral margins. Two 
circular white pads, are seen on either side of the apparent seventh 
segment, above the anal aperture from which the whitish brown anal 
brushes arise. Besides these there are present two membraneous wax 
{dates, enclosed in chitinous triangular rings, one op cither side below 
the circular white pads and lateral to anal aperture. The anal aperture 
is vertical. Length 2-25 mm—2*75 mm; length of anal brushes 4-25 
mm ; greatest breadth over thorax on the metanotum 1*75 mm - 2 mm ; 
breadth between eyes 1-25 mm—1-5 mm; length of antenna 1-0 mm. 

Third Stage Nymph (Plate 1; Fig. 3). 

General colour dark brown above and pale brown beneath. On the 
fourteenth day the ratio of the length of the anal brushes to tho length 
of the body of the nymph was found to be as 3:1. The whitish-brown 
anal brushes do not become conspicuous till the sixth day after moulting. 

Vertex brown, mottled, broader than long, laminately dilated at 
sides and posterior margin, which is circularly emarginate; with a fine 
median carination. Face flat, broad, angled at sides, sinuate before 
clypeus, distinctly broader than long with a fine pale fascia at the broad¬ 
est portion, upper part of face upto below middle dark brown, lower 
part pale brown, with a double series of globular translucent sensory 
pits at the apical and lateral margins, and six sensory pits at the base 
of face, throe on either ride, PL 1 , fig, 4. Clypeus brown to dark brown, 
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stoat, convex, smooth. Eostnun dark brown or blade, hairy, reaching 
hpto the third pair of trochanters. Compound eyes dark red yrith a 
dorsoventral triangular tubercle, which is without facets. Antenna 
brown to dark brown, second joint stout, cylindrical, with a number of 
pale spots or foveae. Pronotum as in second stage nymph, with a dark 
brown patch at the middle of anterior margin; anterior margin raised and 
angularly ampliated with a series of 17 sensory pits, placed obliquely 
in two rows on either side of the median ridge, fifteen in double row and 
two placed a little apart from the rest. Mesonotum as in the second 
stage nymph, dark brown, tricarinate with 11 or 12 sensory pits in three 
groups, a group of seven or eight near middle, three on tegmen region 
and one near lateral margin of tegmen. Tegmen brown, with the apex 
pale, shorter than that on metanotum. Metanotum as in the aeoond 
stage nymph, dark brown, tricarinate, with 10 sensory pits placed in 
two groups, one of eight near middle and two on tegmen region 
near lateral margin. Tegmen brown, not conspicuous with the apex 
pale. Legs large, hairy, mottled pale and brown, tibia of posterior leg 
with 9 stout, black tipped, spines at apex and 6 or 6 other spines between 
the base of tibiae and the apical spines ; the same individual is semi to 
have 0 spines on the right leg and 6 on the left, hut the number of spines 
is never more than six. Tarsi two jointed in the anterior and inter¬ 
mediate legs, and three jointed in the posterior leg ; the first tarsal joint 
of the third leg with 3 spines and 5 spinules at apex. Abdomen mildly 
ridged at middle throughout its length, broad at base tapering posteriorly 
with paler area on the dorsal surface. First abdominal segment without 
sensory pits, second, third, fourth, fifth, and sixth segments with two 
globular transclucent sensory pits, each with a minute seta, one on either 
side near posterio-lateral margins. Anal brushes and wax plates as in 
the second instar. Length 3-5 mm-—3-75 mm ; length of anal brushes 
10-5 mm ; greatest breadth over thorax on the metanotum 3 mm—3-25 
mm ; breadth between eyes 2 mm ; length of antenna 1-25 mm. 

Fourth Stage Nymph. 

Similar in general appearance, and colouration to the third stage 
nymph, with light brown or pale patches on pronotum, middle of meso¬ 
notum and on abdominal segments dorsally. On the fourteenth day, 
the ratio of the length of the anal brushes to the length of the body of the 
nymph was found to be as 2:1. 

Vertex brown, mottled, lunate, concavely emarginate posteriorly, 
broader than long, with a fine median cariaation, angularly ampliated 
at sides and posterior margin. Face broad, broader than long, angled 
at sides with a fine pale fascia at the broadest portion below middle, upper 
part dark brown, lower part pale brown, with double series of sensory 
pit# at the apical and lateral margins and 6 translucent sensory pita at 
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base of face, three on either side. Clypeus brown to dark brown, 
speokled, stout, convex, smooth. Rostrum dark brown or black, hairy, 
reaching upto the third trochanters. Compound eyes reddish brown, 
sparsely hairy beneath, with a conspicuous triangular tubercle situated 
dorsolaterally. Antennae placed laterally beneath the eyes, brown or 
dark brown, second joint robust, cylindrical, hairy, with a number of 
pale foveae, aristal knob dark brown or black, seta brown. Pronotum 
mottled pale and brown, anterior margin raised and angularly ampliated 
with 18 or 19 sensory pits, placed obliquely in two rows on either ride 
of the median carination, sixteen or seventeen in double row near middle 
and two placed a little apart from the rest. Mesonotum dark brown 
with a middle pale area, tricarinate, with 10 sensory pits, placed in two 
groups, one of seven near middle, and the other of three on tegmen region. 
Metanotum dark brown, tricarinate, with 10 globular sensory pits each 
with a minute seta placed all in one group near middle. Tegmen conspi¬ 
cuous, smaller than that on mesonotum. Legs large, hairy, mottled 
pale and brown, tibiae and tarsus as in the third instar. The first tarsal 
joint of the posterior leg with 3 spines and 6 spinules at apex. Abdomen 
dark brown pale at middle longitudinally. Abdominal sensory pits, 
anal brushes and wax plates as in the third instar. Length 5-5 mm; 
length of anal brushes 11 mm; greatest breadth over thorax on the 
metanotum 4 mm ; breadth between eyes 2-75 mm ; length of antenna 
1*5 mm. 


Fifth Stage Nymph. 

Similar in general colouration and appearance to the fourth stage 
nymph. On the fourteenth day the ratio of the length of anal brushes 
to the length of the body of the nymph was found to he as 1*5 : 1. 

Vertex mottled, dark brown, lunate, slightly produced in front of 
eyes, broader than long with a fine median carination, laminately dilated 
at sides and posterior margin. Face finely obscurely wrinkled with faint 
speckling, broader than long, angled at sides, upper one-third brown, 
middle one-third dark brown or black and basal one-third pale brown or 
pale, with a double series of sensory pits at the apical and lateral margins 
and 6 translucent sensory pits at base of face, three on either side, FI. 1; 
fig. 6. Clypeus dark brown, speckled, robust, convex, smooth. Rostrum 
dark brown or black, hairy, reaching upto the third trochanters. Eyes 
reddish dark brown, sparsely hairy beneath, with a conspicuous trian g ular 
tubercle placed dorsolaterally. Antenna as in the fourth instar, second 
joint studded with hairs and spines, with a number of olfactory spots. 
Pronotum as in the fourth stage nymph with 19 or 20 sensory pits placed 
obliquely in two rows on either ride of the median carination; sixteen 
or seventeen in double row near middle, and three placed a little apart 
from the rest. Mesonotum as in the fourth stage nymph, not twice as 
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lo«g as the pronotum with 10 sensory pits placed in two groups, one of 
Beven neat middle and the other of three on tegmen region. Tegmen 
conspicuous, sparsely clothed with minute hairs at the apical area. 
Metanotum dark brown as in the fourth stage nymph, with 11 sensory 
pits all placed close together in one group. Tegmen smaller than that 
on mesonotum. Legs large, hairy, mottled pale and dark brown, tibia 
and tarsus as in the fourth stage nymph. The first tarsal joint of the 
posterior leg with 4 spines and 2 spinules at apex. Abdomen dark brown, 
mildly ridged, pale at middle longitudinally, with the abdominal sensory 
pits, anal brushes and wax plates as in the fourth stage nymph. Length 
6*5 mm; length of anal brushes 10 mm; greatest breadth over thorax 
on the metanotum 4 mm—4-5 mm; breadth between eyes 2*75 mm ; 
length of antenna 1*75 mm. 

23. Adult (Plate 1; Pigs. 6, 7). 

Female: Head greenish olivaceous or ochraceous; eyes spinose 
beneath; pronotum and mesonotum greenish olivaceous or sangui¬ 
neous ; metanotum, sternum, and legs purplish red; posterior tibia 
and tarsi fuscous, black, or purplish red ; abdomen above greenish white 
in fresh specimens, fuscous or brownish ochraceous in older specimens. 
Abdomen beneath pale yellowish green in fresh specimens, fuscous or 
brownish ochraceous in older specimens, with the transverse fasciae 
black. Tegmen sparsely clothed with hairs, olivaceous green with small 
scattered spots and oblique transverse discal fasciae flavesoent; in faded 
specimens the tegmina are ochraceous, virescent, stramineous or mixed 
ochraceous and olive-green, with the fasciae only a little paler or sub- 
obsolete ; in some these fasciae are testaceous, pale or reddish orange, 
in others maculate and much broken; the apical marginal area with a 
double series of small shining black spots and larger spots near apex of 
posterior margin ; wings creamy white, with two obliquely transverse 
black fasciae on apical area. Length from apex of vertex to apex of 
tegmen 8*75 mm—12*5 mm. 

Male: Rostrum fuscous or piceous; thorax above wholly tawny 
brown speckled with fuscous; eyes spinose beneath; head and pro¬ 
notum dull stramineous or ochraceous; mesonotum testaceous or fuscous 
testaceous; sternum testaceous or sanguineous ; abdomen above testace¬ 
ous or ochraceous, beneath black with the lateral margins white in fresh 
specimens, ochraceous in older specimens and the narrow segmental 
margins whitish pink in fresh specimens, ochraceous in older specimens i 
base of abdomen narrowly sanguineous; legs less sanguineous and more 
fuscous in colour; posterior tibia and tarsus black; tegmen sparsely clothed 
with hairs, pale to dark tawny brown, sometimes a little darkly speckled 
on basal half; apical area with two prominent black spots, one on anterior, 
the other on posterior margin, the uppermost sometimes absent and a 
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series of minute black spots on the apical marginal area j wnjfs fiwooas 
or very pale, rarely black, the apical area black or dull fuscous, containing 
a transverse white fascia. Length from apex of vertex to apex of 
tegmen 8 mm—10 mm. 

24. DEVELOPMENT OP THE ANTENNAE AND THE PRESENCE OP BBNSORV 

Hairs and Olfactory Pits on the Second Antennal Joint. 

In all the nymphal stages and also in the adult, the first antennal 
joint is plain, annular, and much smaller than the second joint., which is 
robust and cylindrical. In all oases the seta arises from the aristal knob 
laterally. 

In the first instar, the second joint of the antenna is studded with 
minute brown projections, and also with a few fine hairs. The aristal 
knob containing the antennal hair is placed at the centre of the apex 
of the Becond joint. At the apex of the aristal knob are seen a number 
of minute tubercles and spines, and on the outer margin of the knob 
opposite the seta are seen a pair of fine hairs all sensory in function, PI. 1; 
fig. 13. In the second instar, the second antennal joint is studded with 
minute black triangular processes, spines and hairs and it is more spinous 
and hairy at apex. A few f oveae surrounded with thin edged triangular 
projections are also present. The aristal knob is sparsely studded with 
minute black triangular processes and opposite the seta are present a few 
minute spines below which are seen two longish bent hairs probably 
sensory in function also. In the third iustar the second joint is spinulate 
hairy, with a few stout spines. The number of olfactory pits is greater 
than those of the second stage nymph, and twenty pits are visible dorso- 
laterally. Each olfactory pit is surrounded by six thin edged triangular 
projections, inside which in a circle are present a number of very fine 
hairs overhanging the pit. Triangular processes occur on the aristal 
knob sparsely. The pair of long hairs seen in the second stage nymph 
is absent, but the knob is tubercular opposite the seta. In the fourth 
instar, the second antennal joint is beset thickly with small hairs, spines 
and olfactory pits, more so at the apex; and a few stouter spines are 
also present. The aristal knob is not spinulate and bears four minute 
spines opposite the seta. In the fifth instar, the second antennal joint, 
the aristal knob, and the seta are as in the fourth stage nymph, but the 
four minute spines seen in the latter on the aristal knob are absent. The 
olfactory pits are situated dorsolaterally, are absent ventrally, and are 
present in a circle at the apex of the second joint. In the adult stage, 
l»esides the short spines and hairs, a few large stout bristles arc also 
present on the second joint of the antenna. There are about thirty 
olfactory pits, each surrounded at the outer edge by nine thin edged 
projections, which may be separate from one another or some of them 
may be contiguous. At the inner edge of the olfactory foveae are seen 
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Ml the fiffch Btage nymph, PI. 1 • fig. 14. 

Theaateoaae are situated beneath the eyes laterally, are brown or 
dark brown in colour in ail nymphs and adults. In coma females the 
feflt jo|n.t is {bund to be black and the second joint reddish-brown. 


25. Development op Leg and Pbesenob op Tactile Haim (Plat* 1; 

Vim , 8, 9, 10). 

The trochanter of the posterior leg in all the nymphal stages is toothed 
Or dentate at the inner margin, PI. 1; fig. 11; which is not noticeable 
in the anterior and intermediate legs, nor in any of the legs of the adult. 

The intermediate leg is shorter than either tine anterior or the posterior 
leg and the posterior leg is longest in all the nymphal stages and also in 
the adult. The femur and tibiae of the anterior and the intermediate 
legs in all the nymphal stages and in the adult is compressed, flat and 
dilated, that of the intermediate legs less so than the anterior leg. They 
are studded with hairs and bristles and are devoid of spines. 

In the first instar the legs are whitish mottled or banded pale brown ; 
in the second instar the first leg is whitish mottled brown, second leg pale 
brown; in the third instar both the anterior and intermediate legs are 
whitish mottled brown ; in the fourth instar the first two pairs of legs are 
mottled brown; in the fifth instar the first leg is mottled dark brown, 
second leg mottled brown, and in the adult the first two legs are either 
sanguineous or as in the fifth stage nymph. 

The tibia of the posterior leg in all nymphal stages and in the adult 
is triangular and studded with hairs and bristles. It is pale brown in the 
first two nymphal stages, brown in the third stage, dark brown in the 
fourth stage, mottled dark brown in the fifth stage, and mottled dark 
brown, black or with red colouration in the adult stage. Except in the 
first stage nymph, there are at least five spines on the tibia of the posterior 
leg of all other nymphs and also in the adult, excluding the apical spines. 
There are four spines at apex of tibia of the third leg in the first instar, 
seven in the second instar and nine in the third, fourth, fifth instar and 
in the adult. 

Tarsi pale brown, two jointed in all legs, in the first and second stage 
nymphs. In the third, fourth and fifth stage nymphs the tarsus of the 
anterior and intermediate leg is two jointed, and that of the posterior leg 
three jointed, of brown or dark brown colour. In the adult the tarsi 
of all legs are three jointed, and are dark brown or black in colour. Tins 
first joiiit of the tarsus of the anterior and intermediate leg in all the 
nymphal stages is much smaller than the second ; both am clothed with 
hairs, but are devoid of spines. In the adult the first tarsal joint m longer 
than thesecoud; and the third tarsal joint is longer than the first and the 
second put together. The first tarsal joint of the posterior leg in all the 
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nymphal stages and in the adult is longer, stouter, and more conspicuous 
than the second; is densely clothed with hairs ventrally, which are of a 
tactile nature; and bears three spines and one spinule at apex in the 
first instar, three spines and four spinules in the second instar, three spines 
and five spinules in the third instar, three spines and six spinules in the 
fourth instar, four spines and two spinules in the fifth instar, and four 
spines and five spinules in the adult. 

The second tarsal joint of the posterior leg in the first and second stage 
nymph is slender, hairy and bears no spine. The second tarsal joint of 
the posterior leg in the third, fourth, fifth nymphal stage and in the adult, 
though stout is very small, smaller than either the first or the third tarsal 
joint, is clothed with hairs, which are of a tactile nature, fairly densely 
more so at apex ventrally and bears no spines. 

The third tarsal joint of the posterior leg in the case of nymphs of the 
third, fourth, and fifth stage is slender, subequal in length to the first 
tarsal joint, hairy, more so in the adult than in the nymphs, and is also 
devoid of spines. 

All tarsi end in a pair of curved, pointed, brown to dark brown claws, 
which also bear stout bristles. In between the claws are seen a bunch 
of pale yellow hairs bent at the tips, PI. 1; fig. 12. 

26. Development of Anal Pad, Wax Plates and Brushes (Plate 1; 

Figs. 14, 15). 

As already mentioned, the anal brushes of hairs arise from two white 
circular pads situated on the apparently seventh abdominal segment. 
In the first instar, the base of the anal brushes is composed of 
a circular pattern, consisting of an outer ring of fifteen and an 
inner ring of five or six small circles. Each small circle is distinct 
and separate, and is the seat of a single anal hair. Within eaoh circle 
is seen an internal transparent area, which presumably is the root of the 
hair. The circles can be differentiated into two kinds; the larger circles, 
the bases of the thick brown hairs, and the smaller circles, the bases of 
thin white hairs. Inside the innermost, or first ring, are seen six to nine 
triangular granules and smaller granular structures are also present in 
between the circles. Outside each circular pad or the base of the anal 
brushes is seen another smaller, elongate plate, which is membraneous 
and is composed of a row of fourteen polyhedral bodies. This is the wax 
plate, secretions from which bind the anal hairs at base for some 
and make them appear as brownish rods at first. This binding of the 
anal hairs at base with wax appears to be necessary, to enable the rods 
to act as levers in lifting the anal brushes, which are relatively of large 
size, heavy, and frequently used. 

In the second instar exterior to the two tings present in the sta g e 
nymph, are added two more concentric rings. The first or the inner - 



most ring consists of six or seven small drcles or bain, the second Of 
fifteen belies, the third of twenty-four hairs and the fourth of thirty hairs. 
Inside the innermost ring small triangular granules are present and smaller 
granules are also present in between the circles. The position of the 
wax plates is also altered and instead of being lateral to the circular pads 
as in the first stage nymph, they are now situated just beneath the 
circular pads and lateral to the anal aperture. The wax plate is small, 
bounded by a chitinous triangular ring, and the number of polyhedral 
bodies contained in it increases to sixteen. 

In the third instar exterior to the four rings present in the second 
stage nymph, is added one more concentric ring of thirty-six circles or 
hairs. The wax plate is situated as in the second instar, but the number 
of polyhedral bodies contained in each increases to twentyrgix. Inside 
the innermost ring and also in between the circles small granules are 
present. 

In the fourth instar exterior to the five rings present in the third 
stage nymph, are added two more concentric rings of circles or anal hairs. 
The sixth ring is composed of thirty-six circles or hairs and the seventh 
ring of forty circles. The wax plates are situated as in the third stage 
nymph, but the number of polyhedral bodies contained in each of them 
increases to forty-two. 

In the fifth instar there are no further additions to the number of 
rings, but the number of small circles or hairs on the sixth ring increases 
to forty-five, and that on the seventh ring to fifty-two. In between the 
sixth and the seventh rings, are present nine extra circles or hairs both 
above and below and minute granules are also present. The number of 
polyhedral bodies in each of the wax plates increases to over eighty-five. 

In the adult stage, the anal pads and the accessory wax plates with 
polyhedral bodies seen in the nymphs entirely disappear, and no anal 
brushes are seen either in the male or in the female. But instead in the 
female hopper, two cuticular plates, PI. 1; fig. 18, each with a number 
of minute pores, situated above the anal aperture, one on either side, are 
seen from which the white flocculent efflorescence comes out. The female 
is always seen covered with this material at the dorsal and ventral abdo¬ 
minal segments, and also at apex of abdomen. This flocculent efflores¬ 
cence is utilised by the female in covering the egg masses. The cuticular 
plates seen in the female are entirely absent in the male E. tomentosa. 

The brushes of hairs and pads drop off with the exuvium at every 
moult, and fresh anal hairs arise in their places as the nymphs continue 
to feed and grow. 

27. Anal Hairs (Plate 1; Fig. 17). 

The anal hairs arising from the anal pads of E. tomentosa are of two 
kinds. Firstly, the thick brown hairs, fewer in number, which, except 
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for a short distance at the base, are thickly furnished with feelhhg ifMM* 
directed forwards throughout the length with a bunch of «pO&e*t r 
apex j and secondly, the thin white hairs more numerous* not thickly 
furnished with spurs, and without a bunch of spurs at the apex, Under 
high power both these types of bates are found to be transparent within, 
from which it is inferred that they are hollow or grooved. 

28, Function of Anal Hams. 

It has been observed that the nymphs always flap their tails in the 
direction from which a disturbance is produced. If a sandal shoot with 
nymphs is tapped with a pencil, the nymph will very often turn the anal 
hairs in the direction of tapping, and will begin to flap the anal hairs in 
quick succession on the shoot. The anal hairs therefore are presumed 
to be of a sensory nature. The flapping action, combined with the lifting 
of anal brushes over the back, and wagging it slowly up and down and 
sideways, may reasonably be supposed to be an attitude of defence taken 
up by E. tomentosa nymphs to scare and drive away any approaching 
parasitic or predatory insects. 

29, Difference in Structure of Anal Paps in Pyrilla aberrans 

Kirby, Sarima nigroclypeata Mel., and E. tomentosa Fabr. 

In the nymphs of P. aberrans Kirby, vide Misra, 15; pp. 98-99, which 
belongs to the Lophodinae, the bases of anal filaments or threads form 
a circular pattern of concentric rings of small circles, with an innermost 
circular transparent patch, which is bordered with six large setae. The 
small circle in each ring is without minute setae. In the female the anal 
pad consists of innumerable small circles with a speck in the centre. The 
anal pads are absent in the adult male. In the case of nymphs of S* 
nigroclypeata Mel., which belongs to the Issidae, the base of the anal 
bristles consists of circular pattern, but it is not in the form of concentric 
rings of small circles, as is seen in the case of P. aberrans and E. tomentosa. 
Each small circle is bordered with 15-17 minute setae. The anal pads 
are absent in both adult male and female. 

In the case of nymphs of E. tomentosa , the base of the anal hates also 
consists of a circular pattern of concentric rings of small circles, and the 
innermost circular transparent patch is without setae, but with triangular 
granules. Besides the above, wax plates with polyhedral bodies are 
present. In the adult female, two cuticular plates are present, which 
consist of a number of minute pores. The anal pads are absent in the male. 

30. Sensory Pits (Plate 1; Fig. 19). 

In pinned and alcoholic specimens, the sensory pita on the 
face, thoracic and abdominal segments appear as small white, pale, yellow 
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ot brows globular tubercles. Alter treatment with KOH, each abdominal 
sensory frit, is found to be globular, slightly flattened, with a translucent 
area at the top, at one side of which is seen a smaller clear area, from which 
the seta arises. On further examination it is noticed that below the 
translucent area, is present a series of seven to eight goblet-shaped bodies, 
inside each of which is seen a fine hair directed downwards. The inner 
margin of the sensory organ is obscurely divided into four compartments, 
each containing a number of cells and granules. 

31. Eyes (Plate 1 ; Fio. 20). 

In the first, second, and third Btage nymphs, there are no spines 
beneath the eyes, but in the fourth, and fifth stage nymphs and in the 
adult sparsely placed spines are seen beneath the eyes. In the first 
stage nymph, the thin edged triangular tubercle on the eyes seen in all 
the other stages, is absent. In the second and third stage nymphs, this 
tubercle is placed very near the antennae dorso-ventrally. In the fourth 
and the fifth stage nymph, and in the adult this tubercle is large, cons¬ 
picuous, pale brown, dark brown, black or red in color; and occupies 
a dorso-lateral position. There are no facets on the tubercle, but facets 
are present all round the tubercle in the adult only. 

32. Nature of the White Flocculknt Efflorescence of the 
Female E. tomentosa. 

A small quantity of this white material was scraped from the bodies 
of females, and submitted to Mr. Ghosh and Dr. Funtambakcr of the 
Biochemical branch of this Institute, to whom my thanks are due for its 
examination. They report as follows : This white material was found 

to be partially soluble in petroleum-ether and so in alcohol, but it was 
more or less completely soluble in chloroform. On boiling with caustic 
soda, only a small portion dissolved and the insoluble portion was found 
to be soluble in chloroform and ether, which did not give the charac¬ 
teristic color reactions of cholestrol or pbytostcrol. It would therefore 
appear that the whole of the white flocculent mass is not wax, but some 
neutral substance the nature of which could not be determined as the 
material available was too small.” 

Fletcher (6, p. 78) states that in Coorg a considerable proportion, 
about one in four, of the E, tomentosa bugs were infested with a white 
epipyropid caterpillar which was apparently feeding on the fluffy white 
waxy excretion of the bug. He also mentions that an epipyropid also 
occurs on Ewybraekjfs at Coimbatore, 

33. Male Genitalia. 

Pruthi (17, p . 219 ; pi.xxviii, fig. 235 ) gives the following description 
of tits genitalia of Ewybrachys dUatata Wlk. (=JS. tomentosa Fabr.). 



24 Indian Forest Reeofis. '■ £.1?^^^^'. 

Phallosoma long, but deeply lacked, forming distinct lobes, tbs 
incisions extending even to the proximal region. Ckmjunotiva hardly 
separable from the phallosoma except at the extreme base. Gonjoaotlva 
appendages very highly developed, hard, stout and conspicuous bearing 
small secondary processes. At the base of the conjunctiva appendages, 
in the position of the vesica, there is another pair of short conical append¬ 
ages (ap"). Basal plates, their prolongation* and bridge delicate and 
slender. Parameres flat and broad.” 

34. Distinction between Nymphal Instabs. 

The distinguishing characters lie in the number of sensory pits on 
pro meso and metanotum; in the development of spines on the tibia 
and apex of the first tarsal joint; and in the number of concentric circles 
of hairs on the anal pad. A reference to the following table will indicate 
the different Btage nymphs accurately:—■ 


Part of body 



Nymph 



1st Stage 

2nd Stage 

3rd Stage 

4th Stage 

6th stage 

Adult 

Number of sensory pits on 
pronotum in groups of J 

10+0 

16 + 0 

16+2 

16 or 

16 or 

0 

Number of sensory pits on 
mesonotum in groups of 

2 + 2 

7 + 3 

7+8 + 1 

17+2 

7+3 

17 +8 

7+8 

0 

Number of sensory pits on 
metanotum in groups of 

2 + 1 

6 + 2 

8+2 

10+0 

n+o 

0 

Number of tarsal joints to 
anterior and intermediate 
legs:. 

2 

2 

2 

2 

2 

3 

Number of tarsal joints to 
posterior leg 

2 

2 

3 

8 

8 

3 

Number of spines at apex of 
tibia of posterior leg . 

4 

7 

9 

9 

9 

9 

Number of spines and spinules 
at apex of first tarsal joint , 

8 + 1 

3 + 4 

8 + 6 

8 + 6 

4+2 

4+6 

Number of conoentrie rings of 
bain on anal pad 

2 

4 

5 

7 

7+ 

0 


35. Summary. 

Bearing in the insectary has proved that Ewrybraehys apicalis Wlk. 
and E. dUatata Wlk. are the male and E. tomentosa Fabr. k the female 
of one and the same species. The specific name tomentosa Fabr., being 
older, the names apicalis Wlk. and dUatata Wlk. sink as synonyms. Next 
to Sarima nigrodypeata Mel., thk k a common hopper found on sandal 
in South India, and feeds on nineteen different plant spooks besides 
healthy and spiked sandal. The nymphs of the first, second and third 
stages sack sap from leaf flush and tender green shoots, while the nymphs 
of the fourth and fifth stages and ako adults suck rap from green shoots 










Pjjbp X®.] OhattbbJmi : Spike Di$ea$e of Sandal. ffl* 

i 

and din from shoots with subemed bark. At the place of puncture on 
shoots, a dark mark in the form of a ring is left. As a result of abnormal 
drain of flap due to the feeding of a large number of nymphs on a sandal 
branch, the growth of the shoot is checked, the foliage may wither and be 
shed, and young shoots and twigs may be killed back. One year old 
sandal seedlings were found to shed the leaves and dry up, as a result of 
the feeding of twelve individuals within ten weeks. Along with other 
sandal Homoptera, this species is partly responsible for causing thin 
crowns and stagheadedness, generally prevalent in sandal forests. The 
adult life is of over two months and the female has a long opposition 
period. Eggs are laid on the leaf, shoot and bole of sandal in clusters. 
The eggs are covered with a thick mat of white flocculent efflorescence 
by the female. There are five nymphal stages, and the average time 
taken to complete development from egg to adult is 120 days. There 
are three generations in a year and the generations overlap. One 
hundred and forty four records of the time of development of the different 
stages in the life history have been made. The life-history studies were 
mostly conducted at Denkanikota, North Salem, where there is practi¬ 
cally no variation in the rate of development in the different seasons. 
The relative abundance of this species in the different sample plots located 
in North Salem, Coorg, and Vellore Forest Divisions, where quantitative 
collections were made during 1930-31 season, has also been given. Like 
Sarima nigrodypeata Mel., this species is also active .throughout the year 
in the sandal forests of Madras, Coorg, and Mysore. All the instars are 
described, and a table for the identification of nymphs has been prepared. 
Observations on the development of antennae, legs, anal brushes, sensory 
pits, eyes, etc., have also been made. 

The data recorded in this paper suggest that E. tomentosa Fabr. is a 
species capable of carrying the virus of spike disease of sandal. Experi¬ 
ments with the object of transmitting the disease by means of this 
insect have been taken up. 


N. C. CHATTEKJEE. 
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EtJRYBRACHYS TOMBNTOSA labr, 

EXPLANATION OF PLATE I. 


Fig. 1. Egg. 

„ 2. Ventral view of head of nymph; let instar s. p.«»sei* 0 Ty pit. 
n 3. Ventral view of head of nymph ; 3rd instar s. p.«sen lory pit. 

„ 4. Nymph 3rd instar showing sensory pits and anal brashes. Diagrammatic. 

„ 6. Ventral view of head of nymph; 5 th ins tar s. p.«® sensory pit. 

„ 6. Male with expanded wings. 

M 7. Female with expanded wings. 

„ 8. Posterior tibia and tarsus of nymph ; 1st Instar. 

„ 9. Posterior tibia and tarsus of nymph; 5th instar. 

„ 10. (a) Anterior, ( b ) intermediate tibia and tarsus of nymph ; 5th instar. 

„ 11. Posterior trochanter of nymph, 1st instar highly magnified. 

M 12. Tarsal claws with hairs of nymph; 6th instar highly magnified. 

H 13. Sensory hairs on antenna of nymph, 1st instar highly magnified. 

„ 14. (a) Sensory hairs and olfactory pits on antenna of female, ( b ) dorsal view of 
olfactory pit highly magnified. 

„ 15. Base of anal hairs, wax plates and anal aperture oi nymph, 1st instar, an ap«- 

anal aperture, an. b= base of anal brush, 8. p.«= sensory pit, w. p.««wax plate. 
„ 16. Base (right) of anal brush and wax plate of nymph, 5th instar, an. b« base of 

anal brush, w.p.=wax plate. 

#f 17. Anal hairs (a) with bunch of spurs at apex, (6 }without bunch of spurn at apex. 

„ 18. Right cutioular plate with pores of female highly magn fied. 

„ 19. Abdominal sensory pit of nymph, 3rd stage. 

## 20. Dorsal wiew ol right eye of adult showing ocular tubercle, o.t.«- Ocular tubercle. 












Eurybrachys tomentosa Fabr. 
EXPLANATION OP PLATE H. 


1. Q f ^tri» o , wl ^ rd>ti T e abundance in sample plots 1-28 at Praaerpet, Jawalagiri, 
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SEASONAL AND LOCAL INCIDENCE OF EURYBRACHYS TOMENTOSA, FABR, 
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Ftp. 3. Seasonal incidence based on one years totals Hatched columns indicate incidence qf nymphs. 
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